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INTRODUCTION 
Seed from a strain of corn within a variety having very 
similar genotype make-up can, and often does, express 
radically different phenotypes when exposed to differing en­
vironments. Landridge (58) stated changes in phenotypic ex­
pression can result from climatic lesions that develop in the 
gene pool. 
Climate affects both rate of growth and yield of corn. 
This has been known since corn was first adapted to cultural 
production. 
Both farmers and commercial hybrid producers constantly 
try to increase corn's quality-yield potential and profits. 
Many keys to successful management of the corn crop lie in 
optimizing environmental resources available. 
The general purpose of this study is to characterize 
Iowa's climate in such a way as to enable those in production 
agriculture to make better use of Iowa's abundant climatic 
resources. More specifically, weather effects on corn 
growth were examined, and climatic indices of growth were 
compared. 
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LITEBATUBE REVIEW 
Two different approaches are often used in studying 
plant X environment interaction. Basically, the approaches 
are either analytical or synthesizing in nature of purpose. 
Analytic research identifies cause and effect relation­
ships and delves into quantification of response. Studies 
such as these are made on plant communities, individual 
plants, plant parts, plant tissues, and in vivo. 
The review of analytic data will deal mainly with plant 
community studies made in the field. This was done because 
results obtained in the laboratory do not always apply to a 
plant's natural environment. Among the analytic plant 
community studies, only those covering crop response to tem­
perature and moisture will be reviewed because climatic data 
are not and have not been gathered widely on a regular basis 
on many other environmental variables. 
Plant X environment interaction will also be reviewed 
from a synthesis standpoint. Climatic resources are often 
indexed according to their ability to meet crop needs and re­
sources in this type of research. 
3 
Influences of Climate on the Rate 
of Zea mays L. Growth and Development 
MultiBle_facto^stadies 
Ragland, Hatfield, and Benoit (79) reported on investi­
gations aimed at identifying the major environmental factors 
that modify growth and yield of corn. Rate of leaf area in­
crease was correlated best with air and soil temperatures 
when corn was planted in April in Kentucky. When the corn 
was planted in June, leaf area increase was significantly 
correlated with relative humidity as well as air and soil 
temperature. Table 1 summarizes the degree of relationship 
between weather variables used in their study and leaf area 
development in Kentucky. Treatment 1 was planting April 28 
and not irrigating, treatment 2 was planting April 28 and 
irrigating, treatment 5 was planting June 22 and not 
irrigating, and treatment 6 was planting June 26 and 
irrigating. Ragland and coworkers* data showed that for 
differing soil moisture conditions and planting dates, the 
order of importance of climatic variables in relation to 
plant response would change. 
Ragland et al. examined the relationship between the 
same microclimatic' variables (as in Table 1) and corn ear 
growth. Temperature, solar radiation, pan evaporation, and 
a 
Table 1. Simple correlation coefficients for Exp, 1,1963: 
Leaf area growth rate(cm^/plant/day) against 
various microclimatic variables 
(Eagland et al. (79)) 
Variable 
1 2 
Treatment 
5 6 
5-foot air temperature (®F) .55 .67 .92** .78* 
5-cm soil temperature(OF) .50 .78** .87** 
Solar radition(gr. cal/cm^/day) .09 -. 06 -.23 -.07 
Precipitation(inches/day) .32 .21 .07 .31 
Soil moisture(% in 0-10 inches) .27 . 02 .26 -.57 
Relative humidity (24 hr avg.) .16 .15 .85** .74* 
Relative humidity(hr/day>80X) .15 .09 .86** ,75* 
Relative humidity(hr/day 40-60%) -. 16 -.26 -.68 -.50 
Black bulb evaporation(ml/day) -.02 -.04 . 15 .28 
Wind (miles/day) -.01 20 .22 .26 
n=8; »r (.05) =0.707; **r (.01) =0.83'; 
black bulb evaporation were all significantly related to corn 
ear dry matter accumulation. Table 2 lists the essential 
data on relationships between these variables and ear growth 
rates. 
Interpretation of the results between periods of growth show 
that either the crop's needs change as it develops or the en­
vironment resource mix could be changing so that different 
factors become limiting. 
In a phenological study on spirea fSpirea spp L.), 
orchardgrass fPactvlis glomerata L.), fall aster (Aster 
azureus L. ), and big blue stem (Andeopogon qerardi L.), 
Benacchio and Blair (19) studied the simple correlations be-
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Table 2. Simple correlation coefficients for average ear 
growth rate across treatments. Data from Exp. 1 
and 2, 1963: Corn ear growth rate(g. (grain • cob) 
/plant/day) against certain microclimatic variables 
(Sagland et _al. (79)) 
Variable r 
5-foot air temperature (T) . 62** 
5-cm soil temperature(Of) . 70** 
Solar radiation(g. cal/ca^/day) .51* 
Precipitation(inches/day) -.09 
Relative humidity (24 hr avg) -.24 
Pan evaporation (inches/day) . 52* 
Black bulb evaporation (ml/day) . 44* 
Wind (miles/day) -.04 
n=21: »r (.05) =0.^33; $*r (.01) =0.549 
tween rate of plant development and 55 environmental parame­
ters- Of the data from five locations and four species, a 
definite order of importance of the environmental variables 
as they affect growth rates existed. The 6 parameters most 
consistently highly correlated to growth in order of impor­
tance were: daylight hours, soil temperatures 20, 5, 50, and 
2.5 CO deep (respectively), and screen height air tempera­
ture. 
Benacchio and Blair argued that their results showing 
soil temperatures to be important to rate of plant develop­
ment were logical because soil temperature was correlated 
with soil structure, texture, bulk density, and moisture 
tension. Thus, the roles of these other soil parameters on 
initial plant development would be integrated by soil temper­
6 
atures providing a convenient way to account for changes in 
these environmental parameters. Al Nakshabandi and Kohnke 
(6) have given supporting evidence for this argument. Yet, 
one should note that Benacchio and Blair's study was 
conducted in the winter or cold season. Thus, temperatures 
should assume more importance because it limits growth during 
winter. 
Hallauer and Russell (49) surveyed the relationship be­
tween several environmental parameters and maturation rates. 
Open pan evaporation, wind speed, duration of sunshine, pre­
cipitation, relative humidity, and temperature data were 
analyzed. In this particular experiment, variation in drying 
rates due to entries and planting dates were much larger than 
the year to year variations of the 6 meteorological parame­
ters. All parameters had inconsistent correlations with 
drying rates over years and locations. Some parameters were 
more important than others, but any one order of importance 
of environmental parameters did not establish itself. 
Hallauer and Russell did find that, in good drying years, air 
temperature was most consistently correlated with kernel 
drying of corn, 
Thompson (95) examined the influence of climate on th-? 
growth and yield of corn. Using 38 years of weather and 
yield data from 5 Midwestern states, multiple regression 
techniques that have the smallest standard deviation as the 
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criterion, and yield adjustments for technology improvements, 
Thompson found that the September to June precipitation, June 
mean air temperature, July rain, July mean air temperature, 
and August mean air temperature had highly significant 
effects on corn yields. Increased grain filling rates were 
associated with higher than normal July rainfall. Optimum 
yield response of corn to June, July, and August temperatures 
occurred when mean temperatures in these months were near 
normal. Thompson implied this was the main reason why corn 
yields consistently tended to be high in the Midwest. 
Clements, Shigeura, and Akamine (31) studied the factors 
affecting the growth of sugar cane. Interrelationships of 
morphological, physiological, and ecological factors and 
growth were examined. Plant height, leaf sugar content, rate 
of leaf emergence, leaf nitrogen, sheath moisture, plant age, 
weight of sheaths, plant growth units, and rate of elongation 
were the plant characteristics chosen to be examined. Wind, 
humidity, soil moisture, light, maximum temperature, and min­
imum temperature were measured and related to the plant re­
sponse. 
Sheath moisture asymtoticaily leveled off when the soil 
moisture rose. Elongation of the sugar cane was similarly re­
lated to soil moisture, but elongation response to soil 
moisture changed with phenological age of the plant. Growth 
was generally a linear function of maximum temperature over 
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the range tested (73.4 to 92.6°?), minimum temperature, and 
light. About 90% of the variation among growth units was 
accounted for by the morphological factors of leaf emergence 
and green weight of sheaths; the physiological factors of 
sheath moisture, age, and total sugar; and ecological factors 
of temperature, light, and soil moisture. Using the growth 
equation, Clements et al. were able to predict yields rather 
closely. 
An excellent study on growth response of maize in dif­
ferent climates was made by Nichols (75). Influences of at­
mospheric temperature, light quality and quantity, moisture, 
and edaphic factors on the growth of maize were examined. 
Twenty-five entries of maize were used in the study, and they 
varied mainly according to altitude of adaptation in 
Guatemala. 
Phenological observations made by Nichols were: 1. num­
ber of days from emergence to anthesis; 2. number of 
nodes/plant; 3. height of plants; 4. mean daily increase in 
height; 5. leaf area; 6. basal area; and 7. yield. As a gen­
eral rule, climate had a profound effect on the phenotypic 
expression of every entry* Mountain, Giant, Early, and Coast 
types had their optimum temperature and light intensity for 
best growth and development, but their phenotypes remained 
distinguishable in each environment. 
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Light and temperature caused most of the variation in 
growth response, and their effects were larger than most all 
other environmental factors. 
Days from emergence to anthesis varied for all entries 
according to the influence of altitude, which changed temper­
ature most. Variation in days to anthesis was much larger 
between types of plants than within types. Significant vari­
ation in days to anthesis also came from sites within 
altitudes and altitudes x between types. 
Variation in number of nodes per plant came mainly from 
between types of entries. Other sources of variation were 
significant but not large. Because of this, Nichols recom­
mended using node number to predict time of anthesis in each 
altitude (low, middle, and high) . 
Most of the variation in plant height was from altitude 
and between types of entries. Mean daily increases in height 
depended mainly on altitude, however. This reflected the 
dominant temperature effect. 
Both basal areas and yield seemed most dependent on 
altitude and entries. Interaction seemed small compared to 
the main effects. 
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Response of Zea inays_L. to temperature 
Temperature is highly correlated with rate of biological 
activity. Hang (104) mentioned that it has been used widely 
to describe the environment because it is easier to measure 
and manipulate than many other environmental parameters. 
Determining plant response to temperature is another 
matter. Growth is a response to the temperature environment 
of the whole plant. At any point in time and space, the tem­
perature of the plant and its environment is best described 
as changing. Plant temperatures often are different from 
soil and air temperatures. The spacial distribution of tem­
peratures also differ within the canopy and soil. 
The problem of characterizing plant response to environ­
mental temperature is further complicated by changes in the 
spacial patterns of temperature with respect to time. 
Seasonal, diurnal, hourly, and instantaneous changes in envi­
ronmental temperatures, all, are important to plant develop­
ment rates. 
Rang (104) brought out that plants not only respond to 
temperature of the environment, but environmental temperature 
is often influenced by the plant itself. Plants change the 
radiation distribution, moisture environment, and air 
movement, which in turn changes the thermal temporal and 
spacial distribution. 
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Wang (102) showed further that plant response to «^nvi-
ronaental temperature can and often does change with aye. 
Arndt (8) examined response of cotton (Gossypium 
hirsutum L.) root systems and tops to temperature. As with 
Wang's (104) work, Arndt found that the optimum temperature 
for elongation of both primary roots and hypocotyls changed 
with time and space. Optimum root and top growth occurred at 
nearly the same temperature when the seedlings were small. 
But afterwards the difference in temperature of optimum re­
sponse between roots and shoots differed as much as 9F°. In 
addition, optimum dry weight increases of cotyledons and 
roots came at temperatures different than those needed for 
elongation of hypocotyls and primary roots. 
From a summary of optimum cotton growth temperatures de­
veloped by Arndt, it can be seen that the optimum temperature 
for growth depends on the criteria employed to measure 
growth. In other words, the optimum temperature for 
elongation may be entirely different from optimum tempera­
tures of other indices of growth. 
Knoll, Lathwell, and Brady (54) stated that there seemed 
to be no stage of corn seedling growth more sensitive to soil 
temperature stress than any other. Corn plants exposed to 15 
°C temperatures had similar reductions in dry weight gains 
compared to plants in 20®C temperatures no matter what stage 
of development the plants were in when exposed to these 
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treatments. This does not agree with theories of corn's 
thermal response proposed by Wang (104) 
Beauchamp and Lathwell (16) agreed with Arndt (8), and 
Wang (114) In that they concluded plants do change their re­
sponse to temperature as they develop. Osing the absolute 
growth rate between the 2-leaf and 6-leaf growth stage inter­
val as a criterion, Beauchamp and Lathwell stated optimum 
root zone temperature decreased for shoot growth but in­
creased for root growth through this interval of growth. In 
addition, initial root zone temperatures effects carried over 
and affected the subsequent rate of corn seedling development 
when the plant was exposed to a different temperature. 
Beauchamp and Lathwell found that rate of morphological de­
velopment increased with increasing temperature in the range 
tested. 
Even though the temperature in the corn plant community 
is constantly changing in natural environments, very gross 
measurements of environmental temperatures have detected sig­
nificant results. Lana and Haber (57) surveyed the effects 
of such a measurement (average monthly 1-inch deep soil tem­
perature) on rate of Iowa sweet corn development. 
Hair (14) also examined the growth of maize communities 
under field conditions. It was shown that weekly increases 
in dry weight of Zea mays L. were often correlated (*r=0.74) 
with mean weekly environmental temperature. In addition. 
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Bair found that plant dry weight increase was even more cor­
related (**r=0.77) with lehenbauer's (60) physiological index 
of growth when the corn was planted early. Late planted corn 
did not seem to exhibit this type of dry weight increase due 
to temperature differences. 
Lehenbauer's (6 0) classical work on Zea mays L. seedling 
elongation response to temperature helps one understand why 
even gross measurements can often detect significant results. 
In a growth room study where daily increases in plant height 
were measured, Lehenbauer found that growth of Zea mays L. 
nearly stopped at HO°F. If one increased the environmental 
temperature, plant increases in height were constant up to 
around 86°?. Above this point, plants seemed to have reduced 
increases in height due to temperature increases. 
Walker (101) studied Zea mays L. seedling response to 
temperature in a precisely controlled environmental growth 
chamber. Both the aerial and root environment were regulat­
ed. Air temperatures were held constant (+or-0.75C°), rela­
tive humidity varied only + or - 1.0%, and light intensity 
was held constant as soil temperatures were varied from 12°C 
to 35°C in 1C° increments. Temperature profiles of each 
pot's soil temperature in the experiment were isothermal. 
Relative dry weight increases of both the shoot and root re­
sulting from changing soil temperatures were in phase and 
optimum at 26°C. Changes in Zea mays L. growth 
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were as much as 4055/0°. Between 12®C and 26°C, dry weights 
increased an average of 20%/C° increase. Between 26®C and 
350c, dry weight decreased ^2%/C° increase in soil tempera­
ture. 
Shoot dry matter contents, shoot-root ratios, total 
water used, leaf numbers, shoot diameters, stem lengths, and 
number of adventitious roots were also measured by Walker. 
As with cotton, the optimum temperature for Zea mays L. 
growth varied with the index of growth used. Stem elongation 
was optimum when the roots were in environments having around 
88°F temperature. This was nearly the same as the 86°? 
optimum temperature reported for corn growth found by 
Lehenbauer (60) . 
Kosher and Miller (72) stated that distribution patterns 
of roots respond to temperature gradients. Roots became more 
prolific in warm areas of the soil in early spring. When 
soils were at 18®C, corn roots tended io grow more 
herizontally. 
Beauchamp and Lathwell (17) had data that supported 
Kosher and Miller's (72) work. They examined effects of root 
zone temperature on the vascular development of adventitious 
roots in Zea mays L. Corn roots changed the proportion of 
cell division to cell elongation when exposed to 12, 20, and 
25®C temperatures. At higher temperatures, cell division 
took precedence over all elongation. The opposite was true 
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at lower temperature. Temperature, then not only would 
affect a root's development rate, but the size of the cells 
would be also affected. 
Chao and Loomis (29), however, found little difference 
in changes in rates of cell elongation and changes in rates 
of cell division due to temperature differences. They did 
find that cell elongation was a chemically dependent process 
rather than purely physical, since Q-10's much above 2.00 
were found in caster bean (Bicinus communis) leaves and 
dandelion fTaraxcum officinale) scapes. 
Beauchamp and Lathwell (17) pointed out changes in all 
elongation rates at similar temperatures occur when leaves 
are exposed to sunlight. Radiation tended to slow corn leaf 
elongation. 
Loomis (65) found similar evidence for radiation effects 
on corn growth in the fields. Loomis stated corn growth fol­
lowed temperature curves during the night and moisture supply 
curves during the day. 
BlacJclow (21) reported that, given warmer seed environ­
ment, seed had to imbibe less water to germinate. This indi­
cated that seedlings not only grew faster at higher tempera­
tures (30OC compared to 9®C) , but they started growing 
earlier at warmer temperatures, if enough water was available 
for imbibition. 
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Willis, Larson, and Kirkham (106) found wetter soils, 
whether from poor drainage, mulches, etc., were cooler in the 
spring and limited growth. Corn planted in moist soil under 
mulches took from 2 to U days longer to reach silking after 
tasseling compared to bare soil conditions. From the study, 
it was shown that the most favorable 4-inch deep soil temper­
atures (for optimum growth rates and yields) were around 
750F. 
Work of Allmaras and Nelson (4) on effects of mulches 
supported that of Willis, Larson, and Kirkham (106). Using 
treatments of no tillage, mulch on rows, mulch between rows, 
rotary tillage, and conventional moldboard plowing, Allmaras 
and Nelson found that soil temperatures effectively changed 
growth rates of both shoots and roots in the field. 
The optimum soil temperatures for growth, however, 
seemed to depend on soil moisture conditions. When soils 
were dry, mulches between rows aided root and shoot growth 
even when the temperatures were below 26°C. When soils were 
moist, treatments that reduced temperatures below 26°C con­
sistently reduced growth and yields of dry matter. 
Early corn growth as it is affected by soil temperature 
was researched by Allmaras, Burrows, and Larson (5) in 
greenhouse and field studies. In each of 23 location-years, 
corn's thermal response changed with phenological age of the 
plant no matter what index of growth was used. Those indices 
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used by Allmaras et were yield of dry matter, N, P, and 
K, yields, and plant height. This is in agreement with what 
Wang (104) theorized earlier. 
Secondly, Allmaras et al. observed that the optimum soil 
temperature for Zea mays L. growth also depended on the index 
of growth being used to measure the response. Table 3 shows 
the size of variation in optimum soil temperatures found in 
tne study due to differing plant ages and growth measure­
ments. 
Table 3. Predicted linear relation between growth-ratio 
indexes(based on four types of measurement of corn 
growth in the field) and the average U-inch soil 
temperature (Allmaras et (5)) 
Sampling Growth Estimate of r Temp.i 
measurement Intercept Slope 
First Yield of dry matter -0.469 0.017. 0.62 84. 1 
Height -0.500 0.022 0.75 68. 1 
Yield of N -0.202 0.015 0.41 83. 1 
Yield of K -0.559 0.020 0.55 78. 4 
Second Yield of dry matter -1.154 0.026 0.54 81. 3 
Yield of H -1.015 0.025 0.47 79. 3 
Yield of K -0.765 0.024 0.44 72. 6 
Third Yield of dry Clatter -1.298 0.030 0.47 77. 9 
Yield of M -1.382 0.032 0.43 75. 6 
Yield of K -0.931 0.026 0.30 74. 3 
^Predicted 4-inch soil temperature corresponding to ma*imua 
relative growth. 
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As a final point, Allmaras et al. stated that one must 
be careful to use an index of growth that does not change 
when the morphology of the plant changes due to thermal 
effects. 
Mederski and Jones (68) and Jones and Hederski (53) con­
cluded that both hybrids and inbreds of Zea ma^s L. changed 
morphologically due to soil temperature differences. Mature 
plant height changed when the soils were artifically heated. 
Warmer soils resulted in reduced mature plant heights, even 
though the plants in wars soils grew faster. However, yields 
of both hybrids and inbreds were increased significantly (P= 
0.05) when soils were heated 10 to 15°F by use of cables in 
Ohio. 
Van Mijk, Larson, and Burrows (97) reported similar sig­
nificant yield reductions due to decreased soil temperatures, 
caused by mulches in Iowa, Minnesota, Ohio, and South 
Carolina. 
In South Carolina where soil temperatures are higher, 
sometimes above the optimum, dry matter yields were increased 
when soil temperatures were reduced by mulches. The opposite 
was true in Ohio, Minnesota, and Iowa where soil temperatures 
averaged below optimum, and any reduction in temperature 
reduced growth. 
One could criticize Van Wijk and fellow workers* study, 
though, since their objective was to compare growth of corn 
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as affected by mulches to Lehenbauer's seedling shoot 
elongation curves. Lehenbauer (60) kept roots and shoots at 
the same constant temperature, but Van Wijk et al. did not. 
Also, Van Wijk et al» used shoot dry weights as a measure of 
growth and compared their results to Lehenbauer's (60) seed­
ling elongation curves. Arndt (8), Walker (101),and Allmaras 
et al. (5) have shown dry weight and elongation indicies of 
corn growth are not in phase when they are tested over a 
range of temperatures. Optimum temperatures for corn shoot 
dry weight production are lower than optimum temperatures for 
shoot elongation. 
Cal and Obendorf (28) did not mention Van Wijk and his 
fellow rt earchers' (97) work but one could possibly get some 
explanations of why Van Wijk and others* (97) regression of 
corn growth on soil temperature did not relate as well as ex­
pected. Cal and Obendorf stated soil temperatures affect 
shoot meristematic activity of corn directly only when the 
growing point is below the soil surface. Van Wijk et al. did 
not account for this when they calculated degree day sums of 
corn shoot growth from emergence to any specific weight using 
soil temperatures. 
Interestingly, Cal and Obendorf also reported that corn 
seedlings did change their response to temperature as they 
progressed phenologically. It was proposed that corn seed­
lings are most sensitive to temperature when they have 
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germinated but not emerged. 
Beauchamp and Lathwell (18) studied temperature effects 
on young plants. This research provided possible reasons why 
corn plants respond differently as they grow. Apparently, 
effects of previous temperatures carried over and affected 
subsequent growth. In the 2- to 6- leaf stage interval of 
growth, optimum root zone temperature decreased for shoot 
growth but increased for root gro/th. Increasing root zone 
temperatures increased rates of morphological development, 
but dry matter accumulation did not necessarily increase in 
a similar fashion. Dry matter increases of corn plants in 
the 2- to 6- leaf stage of growth were highest at 15°C. 
Beauchamp and Lathwell stated that by comparing the reaction 
of indices of corn growth (dry weight vs leaves emerged) when 
affected by temperature, one can see that dry weight in­
creases are no". a good measure of corn morphological develop­
ment, since dry weights of corn plants grown at various tem­
peratures were drastically different at the same stage of 
plant growth. 
Cooper and MacDonald (32) also gave possible reasons for 
the corn seedlings changing response to temperature with age. 
One reason was that carbohydrate economy of seedlings 
changed drastically after emergence (usually at around 10-12 
days in cooler soils). At emergence, most of the energy in 
the endosperm has been used. The seedling then began to 
21 
depend on photosynthesis for energy. Figure 1 describes this 
process, 
Beauchamp and Lathwell (16) outlined the effect soil 
temperature had on corn leaf morphology. The number of 
leaves eventually developed on a plant was influenced by soil 
temperature. Plants grown at soil temperatures of 25°C had 
1,7 times more leaves than those grown at 15°C. Beauchamp 
and Lathwell stated that the number of leaf primordia was set 
sometime between the 4th leaf and 6th leaf stage of growth. 
Even though corn plants grown in warmer soils change 
morphologically so that they eventually have more leaves on 
them, Adams (3) stated that from 1 to 10 days difference in 
anthesis dates could exist between plants raised in warmer 
soils versus those raised in cooler soils, vith the plants 
growing in warmer soils reaching anthesis first. Adams (2) 
reported that as much as 1/2 of this delay in anthesis could 
be caused by delays in emergence for each degree increase in 
temperature. 
Patterson, Grunes, and Lathwell (78) studied the influ­
ence of root-zone temperature and phosphorous on the rate of 
Zea mays L. seedling growth. The study was conducted to see 
if the mechanism of low temperature response was reduced soil 
phosphorous adsorption, Patterson et al. (78) found that 
reduced dry matter increases of the seedling shoot and seed­
ling roots caused by low temperatures could not be offset by 
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higher application of phosphorous in the root zone. 
After analyzing the plants in the growth study, 
Patterson et al. (78) concluded that reduced dry matter in­
creases in those plants growing in cool temperatures were not 
due to reduced phosphorous adsorption. Instead, amino acids 
necessary for growth were being polymerized into protein. 
He s po n_se_o f _Z ea_ m ay s_L_t g_t e mpe;. a t u re_u nd^r varxina_moisture 
conditions 
Kramer (55) outlined the major functions of water in 
plant growth and development. He stated that water served as 
a major constituent of physiologically active tissue, acted 
as a reagent, became a solvent, and helped enlarge the cell. 
Growth rates and patterns of growth of a plant were directly 
influenced by the plants water status. 
Denmead and Shaw (39) mentioned that plant water status 
was influenced by both available soil moisture and atmospher­
ic demand for plant moisture. It vc\s shown that days having 
high temperatures often were days of high atmospheric demand. 
Plant stress was greater on high demand days, consequently, 
growth was reduced with such days. Responses such as this 
occurred even when soil moisture levels were high. Often, 
plant stress and consequent growth response were entirely 
different for plants having the same available soil moisture, 
but having differing atmospheric moisture demand conditions. 
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Thus, temperature and environmental moisture often interact 
to determine the growth rates of plants. 
Benoit, Hatfield, and Ragland (20) investigated, in the 
field, the effects of soil moisture and temperature on the 
growth and yield of corn during the filling period. During 
the linear grain filling phase of plant development, the corn 
ear growth rate (gr/plant/day) depended on the average 5-ft. 
air temperature. In the range of temperature tested, 66 to 
76®F, growth rates were linear when soil moisture was 
optimum. Benoit et emphasized, however, that when the 
volumetric soil moisture was lower, the optimum soil tempera­
ture for ear filling was lower. Benoit et al. assumed that 
growth of Zea mays L, was linear over varying soil moisture 
conditions. Denaead (37) showed that this assumption was not 
valid. 
Woodhams and Kozlowski's (107) work laid foundation to 
work done later by Denmead (37). Woodhams and Kozlawaki 
found that, for finer textured soils, soil water is not lin­
early available down to the permanent wilting point. 
Carbohydrate and reducing sugar content and proportion 
changed in tomato, Lvcopers icon esculentum Mill, and bean, 
Phaseolus vulqain vas humilis Alep., roots, stems and leaves 
before the permanent wilting point was reached. Woodhams and 
Kozlowski further added that stressed plants did not totally 
regain their normal carbohydrate and sugar levels. 
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Mongelard and Mimura (70) examined the interaction of 
temperature and moisture effects on several sugar cane 
fSaccharum officinarum L.) growth parameters. Four sugarcane 
clones were exposed to two air and two root zone temperatures 
during a 28-day period with adequate moisture. 
Dry matter production, increase in height of the top 
dewlap, spindle growth rate, transpiration ratios (water 
consumed/unit dry weight gained), and increase in fresh 
weight/increase in dry weight ratio were measured. Dry 
matter increase was used to compare responses of clones to 
the temperature treatments. Spindle growth measurements were 
used to estimate increases in plant dry matter. 
Dry matter production was closely related to water 
consumption (r = 0.98), increase in height of the top visible 
develop (r = 0.95), and spindle growth rate (r = 0.91). The 
water consumed/unit increase in dry-weight ratio did not 
change with age of the plant, thus other parameters, such as 
spindle growth, were regressed on it. In this way, they es­
timated daily changes in dry matter production, which worked 
well for short periods of time. 
Mongelard and Mioura reported that both low air and root 
temperatures reduced leaf area increase rates. Root tempera­
ture, however, seemed to have a larger effect on leaf area 
increase than air temperature. The data also showed that at 
cool root temperatures, water consumption decreased, even 
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though leaf area increased. Mongeland and Mimura concluded 
that environmental temperature and soil water available in­
teracted significantly to affect plant growth rates (dry 
matter production) . 
Since water consumption and dry weight accumulation were 
closely and directly related, and since water use per unit 
leaf area decreased with lower soil temperatures, Mongelard 
and Mimura argued that dry matter increases do not necessari­
ly follow leaf area increases. Instead, dry matter produc­
tion depended a lot on root temperature. Effects of environ­
ment on phenological plant development could be distorted de­
pending on the parameter measured. In Mongelard and Mimura*s 
case, leaf area was not a good measure of dry weight in­
crease, but soil temperature was. 
Allmaras and Nelson (4) described Zea mays L. root and 
shoot growth as influenced by soil moisture and soil tempera­
ture. The study was conducted in the field by changing 
tillage and management practices, using a check of no 
tillage, mulch on rows (with no other tillage) , mulch between 
rows (with no other tillage), rotary tillage, and spring 
plowing, Allmaras and Nelson created differing soil tempera­
ture and moisture level profiles. With moderately moist to 
dry soil conditions, treatments making the root environment 
more conducive to seedling lateral root development gave the 
fastest shoot and root dry weight accumulation rates. 
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Interrow mulches, the check with no tillage, and spring 
plowing provided this type of environment. In wetter soils, 
surface mulches slowed shoot and root growth rates and 
reduced yields. 
Corn growth was studied by Anderson and Kemper (7). 
Effects of aggregate stability, soil temperature, and soil 
moisture on the rate of corn growth were significant. 
Definite optimums of aggregate stability and soil moisture on 
plant growth were found. Temperature x soil water interac­
tion was also significant. 
Anderson and Kemper (7) said that the shoot/root ratio 
of dry matter produced changed when the temperatures were 
varied. Ability of roots to absorb nutrients (including oxy­
gen) was lower at low temperatures. Thus, plants with simi­
lar root systems had different sized shoots, because the 
roots were less active. It was noted that since plants 
reallocated their growth resources when climatic and soil 
conditions vary, the job of defining climatic requirements 
for a crop became more complex. 
Bate of emergence of Sorghum vulaare was affected by 
soil strength, soil moisture tension, and soil temperature in 
a laboratory study made by Parker and Taylor (76), Effect of 
soil strength on percent seedling emergence varied among soil 
types. Hate of emergence was also slowed in dryer soils, es­
pecially when the soil strength was > 12 bars. 
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Total emergence in 10 days vas not affected by 21 to 35°C 
temperature, but it was at 3 days. Depth of planting had 
only a small affect on per cent seedling emerged. 
Work of Patten and Van Doren (77) pointed out that seed 
orientation (proximal end down vs. proximal end up) was im­
portant to rate of Zea ma^s L- emergence in both growth 
chamber and field studies. Seeds planted with the proximal 
end down averaged 10% greater final emergence and 3 days 
earlier emergence compared to planting kernels orientated 
with the proximal end up. Seed orientation also affected 
seedling establishment or growth rates. Leaf area and main 
root lengths both were affected by seeding orientation at 
various harvest dates, irrigations, soil temperatures, and 
seed-soil contact treatments. 
Effects of seed orientation on leaf area and main root 
length decreased as the seedling began to develop 
adventitious roots. No seed orientation effects were noticed 
on the time needed by corn plants to tassel or silk. 
Maturation rate was also not affected. 
Manjura and Buxton (105) examined cottonseed fGossypium 
hirsutum L.) germination over a wide range of soil tempera­
tures and soil moisture tensions. Both environmental parame­
ters affected the rate of radicle emergence of cottonseed 
significantly. Temperature effects on rate of emergence were 
much larger than soil moisture effects. It was noticed 
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further that as the seed environment got more severe (having 
higher soil moisture tension and/or lower soil temperature), 
the variance of the cotton radicle le'igths increased. Simi­
lar increases in variation of silk lengths of corn due to 
stress have been found, Vincent and Woolley (9 9) . 
Barnes and Woolley (15) examined the effect of moisture 
stress on the silking date of Zea mays L. in plastic lined 
trenches. When stress was applied at tassel emergence, first 
ear silking was delayed 6 days. 
Vincent and Woolley (99) investigated moisture stress 
effects on silking delays further by applying stress at dif­
ferent stages of vegetative growth using the same technique 
used by Barnes and Woolley (15). Examination of stress 
effects on time and speed of silking when applied at the 3.5 
and 5.0 stage of corn growth, Hanway (50), were markedly dif-
ftscent compared to a control and among treatments. Plants 
stressed at stage 3.5 reached 75% silking about 1 day later 
than those not stressed. When plants were stressed at stag«i 
5.0, silking was delayed 4.5 days. Vincent and Woolley also 
noted that the time needed for 75% of the plants to silk, 
once silking started in a plot, was longer when the plants 
were stressed at later stages of development. 
Claassen and Shaw (30) gave estimates of the size of 
water deficit effects on delays in plant development. 
Silking was delayed 1 to 2 days when stress was applied 
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early, stress applied later (stages 3.5 to 5.0} delayed 
silking 2 to 5 days- Claassen and Shaw's data were in close 
agreement with that of Vincent and Poolley (99). 
Denmead and Shaw (38) showed that stressed plants 
resumed growth after catering but often failed to reach 
heights similar to the control. 
Maranville and Paulsen (67) gave possible reasons for 
delays in silking caused by dry soil moisture stress. In a 
growth chamber study, it was found that moisture stress (75 
to 50% turgidity) decreased photosynthesis rates. When 
stressed, the Zea mays L. seedlings total chlorophyll content 
decreased. 
Downey (40) concluded that reduced growth of Zea majjs L. 
coming from soil moisture stress was due to stomatal closure, 
rather than disruption of light absorption. According to 
Downey, this occurred when the plant had <90% leaf relative 
turgidity, Slatyer Snd Barrs (92). 
Acevedo, Hsiao, and Henderson (1) argued that growth of 
corn (defined as leaf elongation) is more dependent on the 
physical stress of moisture deficiencies than to chemical 
changes occurring in the leaves when it is drought stressed. 
Leaf elongation responded almost immediately to changes in 
soil water potential. Elongation was fastest at -0.1 bars 
but had stopped completely by the time soil water potential 
was at -2.5 bars. Elongation decreased curvilinearly in this 
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range of soil moistures. This agreed with Denmead's (37) 
data. 
Acevedo et al. found that elongation of leaves was sen­
sitive to changes in leaf water potential. Elongation 
decreased nearly linearly from -3.0 to -6.0 bars and was 
stopped at -8.0 bars. 
Carbon dioxide assimilation and transpiration remained 
nearly the same during this decrease in elongation. Acevedo 
et aj.. thus said that for short term stress, the 
photosynthetic apparatus was still functioning. Resumption 
of normal growth was additional evidence of maintenance of 
adequate photosynthetic capabilities. 
Sanchez-Diaz and Kramer (84) showed that photosynthetic 
capabilities can be slowed if the plants were stressed long 
enough at -12.0 bars leaf water potential. 
Boyer (22) stated that elongation, photosynthesis and 
respiration all were reduced by increasingly negative leaf 
water potentials. Decreases of the three processes were not 
in phase nor of the same size. Elongation slowed every fast 
with initial water potential changes and then decreased less. 
Rates of photosynthesis decreased more rapidly as the leaf 
water potential became more negative. Respiration decreased 
linearly in the range of leaf potentials tested. 
Maranville and Paulsen (67) were unable to find changes 
in corn plant's fructose, glucose, and sucrose content due to 
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soil moisture stress. This was not similar to sugar content 
changes found in tomato and bean by ffoodhams and Kozlowski 
(107). Conversely, starch content of the seedlings leaves 
and stalks decreased due to moisture stress which was similar 
to the changes found for tomato and bean. Maranville and 
Paulsen (57) concluded the carbohydrate reserves in the 
leaves and stalks were being mobilized to provide energy for 
growth, when plants were stressed. 
Field studies made on Zea mays L. growth by Robins and 
Domingo (83) produced some interesting data. The rate of 
kernel development was affected by soil moisture conditions. 
Kernel moisture levels measured from corn (Iowa 9 39) in dry 
and wet soils were significantly different. Drier soils 
hastened maturity when they were dry throughout the filling 
period. Kernel moistures were lower in the dryer soils. The 
variety tasseled on nearly the same date in both the dry and 
wet soil, and treatments were then applied during the filling 
period. 
Data of Bench and Shaw (82) indicated corn kernels 
reached black layer maturity at similar moisture levels 
within varieties. Coupling this with Robins and Domingo's 
work, one could see that soil moisture deficits can have the 
effect of speeding grain development and maturation. 
Daynard and Duncan ( 3 6 )  indicated this could be true 
when they reported kernels often matured more rapidly when 
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under stress. They cited that pollinated kernels (as identi­
fied by black layer techniques) often prematurely stopped 
filling when corn was stressed. 
Brown and Chapman (26) found that development of 
soybeans depended on both soil moisture and temperatures 
during the flowering period. Dryer soil moistures hastened 
soybean maturity as it does corn maturity. Because of this. 
Brown and Chapman recommended allowing for these effects when 
studying soybean development. 
Moody, Jones, and Lillard (71) examined corn growth 
under varying soil moisture and temperature conditions by 
using mulch to cover the soil. Their data contained an in­
teresting soil moisture by soil temperature interaction. 
Early in the season corn growth was regulated by soil temper­
ature. As the bare soil dried later in the season, corn 
growth became more dependent on soil moisture. 
Miller and Duley (69) grew corn under controlled soil 
moisture conditions in outdoor potometers. Soils were kept at 
approximately 2855 and/or 13% moisture, depending on the 
treatment combination, for 3 periods of 30 days each. 
Nutrient composition and dry weight data from roots, stalks 
(tassels and shanks), leaves, and ears were taken. Host in­
teresting of the data was the growth change with changing 
soil moisture conditions. Dryer soils consistently caused 
the plants to have more extensive development root systems no 
I 
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matter when the dry soil moisture stress was applied. Be­
cause of the nature of plant growth and the control Killer 
and Daley had on soil moisture, it was noticed that dry soil 
from 30 to 60 days after planting affected growth composition 
most. Younger plants did not develop stress conditions, and 
plants >60 days old had already grown enough to not be as ma­
terially affected by moisture stress. 
Miller and Duley found also that height of plants, the 
number of leaves, and length of the internodes changed de­
pending on the soil moisture treatment. Again, the dry 
weights, plant heights, number of leaves/plant, and internode 
length were affected most when the plants were exposed to 
moisture deficits (13% soil moisture) during the 30 to 60 day 
period of growth. 
Hanway and Russell (51) tested eleven Zea mays L. 
hybrids for the length of their respective grain filling 
period. A range of 43 to 60 days were needed for the varie­
ties to develop from silking to maturity. Most of the varia­
tion came from entries, but year environmental effects were 
noticed. 
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Climatic Indices of Zea nays L. Growth and Development 
The purpose of most climatic growth indices is to help 
one match the right type of variety to the right climate. If 
varieties are placed in an environment in which they realize 
their full growth and yield potential, full benefit can be 
made of the plant x environment interaction. 
Hatching corn varieties to environments in which they 
are adapted is difficult and never has been perfected, be­
cause both the genetic makeup of the plant and its environ­
ment are in a constant state of change. 
Summation indices of growth have often been used in the 
past to match varieties and environments. Here varieties are 
classed according to their hourly or daily growth unit needs. 
The environment then furnishes a certain amount of these 
needs every hour or everyday. By summing these needs of the 
plant and what environments have to offer, one can index va­
rieties and their environments. 
Corn has been classified according to general thermal, 
light, and moisture needs for growth. Because thermal sums 
are simple indices to compute, and climatic data exist, 
thermal summation indices have been used most often in the 
past to describe the growth of corn. 
36 
Most other summation indices used in this vein usually 
have incorporated temperature into the growth units because 
of its importance on the rate of crop development. 
Types of thermal indices 
The idea that it takes a plant a constant sum of thermal 
units to reach a certain phase of phenological development 
was first used over 230 years ago by Reamur (80) . Under even 
ideal situations this is not true, of course. Corn growth 
and development is a result of the total plant interacting 
with its total environment. 
Wang (103) and Aspiazu (13) both reviewed the changes, 
modifications, and/or adjustments made by past investigators 
on thermal indices. The reader is referred to those articles 
for a more thorough review of thermal index use and modifica­
tions. 
Livingston (63) stated that the 3 main types of thermal 
summation indices were remainder, physiological, and exponen­
tial indices. The types differ mainly in the functional 
value assigned to a temperature. 
Remainder index sums were linear functions of the tem­
perature. Such indices usually work well when the tempera­
ture is in the range of 50 to 86®F, for corn plant response 
to teaperatare is linear in that range. The assumption of a 
linear functional growth response is not valid when tempera­
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tures are <50®F, >86"F, and when other environmental factors 
dominate growth responses. 
Livingston defined the physiological index to be a phys­
iological elongation function of the temperature. Lehenbauer 
(60) developed the physiological functional relationship, and 
Livingston applied it to thermal index studies. Livingston's 
physiological index assigned values that were indicative of 
the relative elongation response of corn. One could expect 
this index to work best when corn is elongating rapidly. 
Exponential thermal indices were defined to be 
logarithmic functions of the temperature. Exponential 
indices are limited in that the growth response to tempera­
ture in a canopy is not really exponential because of 
intraplant- and interplant competition. 
Limitations of thermal growth indices 
Wang (103) felt there were other obvious shortcomings 
with thermal indices of growth. It was mentioned that plants 
changed their response to the same environmental factor as 
they developed, threshold temperatures of the plant changed 
with age, heat unit sums had valid meaning only when direct 
proportionality existed between growth and temperature, and 
thermal indices of growth ignored other important environmen­
tal factors. 
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From reviaw of thermal index studies, other general 
problems of development and implementation emerge. One prob­
lem is that growth is inadequately described by phenological, 
morphological, and physiological measurements. New measure­
ments that combine these types of measurements in a 
mathematically sound way are needed (Wang (104)). Only then 
can one really approach the problem in an analytical way. 
Secondly, techniques for comparisons of different 
thermal indices are not adequately developed. Coefficients 
of variation are often used to compare thermal indices of 
growth. Use of C.V.'s has been criticized in that it's size 
is a function of the mean involved. Gilaore and Rogers (47), 
Brown (24) , Gunn and Christensen (48) have used this 
technique to compare thermal indices. 
Arnold (9) and Aspiazu (13) modified this technique by 
transforming the standard deviation of heat unit indices into 
day equivalents. C.V. comparisons of the day equivalents 
were more indicative of the true difference of the values of 
the indices. 
Cross and Zuber (34) used correlation of days from 
planting to pollen shed with average heat units/day plus cor­
relation of days from planting to pollen shed with total cu­
mulative heat units to compare indices of growth. An index 
with good correlations with both characters was said to be 
more sensitive to daily changes in meteorological conditions. 
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Thirdly, measurement errors are often large. Lindsey 
and Newman (61) told of the importance of having a good 
phenological observation. The data collection is tedious and 
expensive for corn. Vang (102) Hanway (50), and Duncan and 
Shaw (41) all have been concerned with improving phenological 
observations, since it was realized that simple stages of de­
velopment such as emergence, leaf emergence, tasseling, 
silking, and physiologic maturity are not defined similarly 
by different investigators. More uniformity is needed in the 
collection of data. New studies on defining stages of devel­
opment such as those made by Hanway (50), Siemer, Leng, and 
Bonnett (91), Daynard and Duncan (36), and Bench and Shaw 
(82) need to be completed. 
Fourthly, errors in measuring environmental temperatures 
also exist. According to Arnold (11), most obvious is the 
use of maximum and minimum temperatures to estimate daily 
mean temperature. At Illinois, the deviation of the esti­
mates from the "true" mean was positive early in the season, 
later negative, and then positive again at the end of the 
season. Arnold found deviations as large as + or - 0.2 
degrees/ day from the true mean. Over a crop season, large 
cumulative errors (100 ± heat units) could develop. In addi­
tion the errors could be, and most often are, biased, because 
many comparisons are made for only part of the season. 
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Instrument errors, whether using standard Weather Bureau 
thermometers or thermocouples, can also add considerable 
error to the thermal index. A source of thermocouple meas­
urement errors was studied by Vaughan and Sakamoto (98) . 
Arnold (9,10,12) stated that having the right minimum 
temperature base (the temperature which gives the least vari­
ation in heat unit sums) to calculate the heat units was im­
portant. Arnold (11) stated that if the growth of corn 
started at 43°? and a base temperature of 50°? was used, the 
heat units accumulating would be biased in that they would be 
less if corn were grown in the cool part of the season rather 
than the warm part of the season, accumulations would be 
greater for warm years compared to cool years, accumulations 
would be greater in the south than the north, and summa­
tions would be less for low compared to high altitude. 
Arnold (9) stated the error comes from summations of a daily 
cumulative error over different lengths of time for the cool 
vs. warm conditions. 
Arnold (9) suggested using coefficients of variation, 
regression techniques used by Hoover (52), or an "X-
intercept" method to find the correct base temperature for 
plant growth. Using these approaches on Gilmore and Rogers' 
(47) data, Arnold found UU®F to be a base temperature that 
reduced variation in total heat unit sums the most for field 
corn. 
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Magoon and Culpepper (66) said, that southern region 
sums of heat units for a variety tend to be larger than their 
northern region counterparts because of differences in 
respiration rates. Day length, differences in the 
photosynthesis-transpiration balance, light intensity, and 
light quality were also believed to be involved. 
Magoon and Culpepper further indicated, as did Arnold 
(12), that it was important to determine the proper base tem­
perature for sweet corn down to the strain within variety 
level. Otherwise, the index would not be related to growth 
response. 
Le Duc, Zuber, and McQuigg (59) found that corn belt lo­
cations definitely caused heat unit requirements for varie­
ties to vary. At 15 locations, 43 inbreds in the 100-300 
relative maturity group (Neal (73), 40 in the 400-600 class, 
52 in the 700-800 group, and 45 in the 900 relative maturity 
group showed enough consistent results for them to find the 
relation of sums coming from and existing between the loca­
tions. 
Le Duc et al. did not specify whether or not these sums 
were due to measurement difficulties or changes within the 
varieties themselves. 
Brooks and Kimball (23) stressed that one should use 
differing indices of plant growth for day and night tempera­
tures. It was argued that this made more logical physiologi-
(*2 
cal sense in that adjustments for major changes in plant ac­
tivity could be accounted for. 
Comparison studies of thermal indices 
Several thermal index comparison studies on corn have 
been made. Important studies of this type include those by 
Livingston (63), Gilmore and Rogers (47), cross and Zuber 
(34), and Aspiazu (13). 
Livingston (63) found that both the physiological and 
exponential types of indices improved prediction of dates of 
plant stages of growth over the straight remainder index. 
Variation in flowering constants or thermal constants was 
also less for the physiological index than for the exponen­
tial index Livingston used which was not corrected for higher 
temperatures. 
Gilmore and Rogers (47) evaluated the efficiency or ac­
curacy of several thermal indices of Zea mays L. growth. 
Remainder indices using several temperature bases and 
optimum temperatures on both a daily and 3-hour interval 
basis were compared. A modification of Lehenbauer's (60) 
physiological index vas also tested from data collected on a 
day and 3-hour interval schedule. 
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Using C.V.'s, Gilmore and Rogers found that lowest C.V. 
came from the physiological index. The remainder index cal­
culated as follows: 
Y= { (ma x+min) /2) -50 
max=86°F if max >86°F 
ain=50°F if min <50°F 
Aspiazu (13) compared 6 thermal indices of corn growth. 
Using transformed C.V. information, it was found that the 
thermal index developed by Brown (25) gave lower C.V.'s more 
consistently. This work was excellent in that it showed the 
same method or thermal index may not describe one interval of 
growth and development as well as it describes another inter­
val. Citing from his work, Aspiazu stated that since Brown's 
index used a lower temperature base, it accounted for low 
temperatures occurring near the end of the corn growing 
season. Thus, it indexed growth better or had smaller C.V.'s 
for the silking to maturity interval of development than the 
other methods tested. 
Cross and Zuber (34) examined thermal indices as a 
method to predict flowering dates in maize. Of the 22 
methods examined, the most suitable method seemed to be the 
one suggested by Gilmore and Rogers (47) except for tempera­
tures above 860F. In that case the temperature difference 
between the maximum temperature and 86®F was subtracted from 
86®F. Cross and Zuber wrote that this index seemed most sen-
n u  
sitive to both meteorological changes and physiologic stress 
brought on by high temperatures. Little value was gained by 
using hourly temperature values rather than daily maximum and 
minimum temperatures to estimate the value to put into the 
cumulative sum of the thermal indices. 
Growth indices based on more than one environmental variable 
Yield studies have been made that include values for 
many characters in the environment. In a well planned exper­
iment by Voss (100), descriptive regression equations con­
taining variables that were both fixed and uncontrolled were 
developed. 
Although Cady and Allen (27) found Voss could have im­
proved the predictive value of the data he obtained, Voss ob­
tained an order of importance of environmental factors on 
yields in Marshall and Monona soils in Iowa, which did not 
differ much from the order obtained by Cady and Allen, Both 
studies indicated applied nitrogen (linear), blight (H. 
turcicum), drought stress X applied nitrogen, excess soil 
moisture (linear), hail (linear), total soil nitrogen (linear 
and quadratic), and soil slope influence yields. No such 
studies have been made on the rate of corn growth in Iowa 
that covered such a wide range of factors. In addition, no 
growth study has been made that involves the whole state of 
Iowa over several growing seasons. 
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Hang (104) suggested using nonparametric sorting devices 
to determine the important factors affecting plants. After 
such factors had been determined, it was then suggested, one 
could synthesize indices of crop response through graphical 
addition techniques. Sang synthesized a "water availability 
unit" which did a remarkable job in predicting crop yields (R 
= 0.92) . 
Livingston (64) was a pioneer in the field of multiple 
factor growth index synthesis. Realizing plant growth was a 
result of a complex of factors, and that some factors were 
relatively more important, Livingston developed a moisture-
temperature index of plant growth. Stated simply, the index 
was the product of the rainfall-evaporation ratio and index 
of temperature efficiency. The temperature efficiency index 
came from Lehenbauer's (60) earlier work. The basic assump­
tions used in developing the index were that plant growth is 
accelerated by rainfall, decreased by evaporating power of 
the air, and accelerated proportionately by temperature up to 
a point. 
Thornthwaite (96) developed a potential évapotranspira­
tion index to measure effectiveness of moisture in the envi­
ronment. 
Brown and Chapman (26) examined effects of both tempera­
ture and soil moisture on soybean growth and development. 
They found that soybeans reacted differently to temperature 
n e  
once they have podded. Using a temperature dependent rate of 
development qradratic curve derived from data taken in con­
trolled environments, field growth data taken before podding 
fell close to thecurve. Similar results were not obtained 
for the postflowering period. 
Brown and Chapman found that soil moisture had signifi­
cant influences on the rate of soybean development. Using 
regression techniques, varietal significances in development 
rates were found. In addition, it was necessary to adjust 
the regression thermal equations they developed when soil 
moisture deficits existed during the postflowering period. 
Voss (100) used a relative photosynthesis index devel­
oped by Laing (96) and Shaw (87) to describe corn yields. 
Corsi (33) reported on similar types of indices. Both soil 
moisture and atmospheric demand for moisture were used to es­
timate plant water potential. Such indices have not been ap­
plied to growth studies, but their successful application to 
yield studies indicated such an approach might be desirable. 
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EXPERIHENTÂL PROCEDDHES 
Design of the Experiment 
One of the purposes of this experiment was to examine 
the influences of climate on the rahe of corn growth and de­
velopment. Most important of the climatic variables to con­
sider in the design were temperature and moisture. Since one 
can not control either variable, efforts were made to plant 
the experiment in ways to grow the entries in as large a 
range of "typical" temperature and moisture conditions as 
possible. 
A split-plot design with randomized block whole-unit ar­
rangements (Steel and Torrie (94) and Snedecor (93)) was used 
to randomize the error coming from edaphic factors at loca­
tions, where possible. Some plantings were not randomized 
within whole-units because of time and resource limitations. 
But, because of the uniformity of the whole sites and appli­
cation of fertilizers to normalize soil differences, the data 
were analyzed in accordance with procedures for those used 
for split-plot designs with randomized block whole-unit ar­
rangements. Table 4 outlines the analysis of variance 
U8 
Table 4. Analysis of variance planned 
Source of Variation df 
Locations 
Years 1 
Location x Years 4 
Error a 2 0 
Planting dates 2 
Planting dates x Locations 8 
Planting dates x Years 2 
Planting dates x Locations x Years 8 
Error b 40 
Varieties 5 
Varieties x Locations 20 
Varieties x Years 5 
Varieties x Planting dates 10 
Varieties x Locations x Years 20 
Varieties x Locations x Planting dates 40 
Varieties x Years x Planting dates 10 
Varieties x Locations x Years x Planting dates 40 
Error c 300 
Total 53 9 
planned. Environments and planting dates were considered to 
be random. Varieties were chosen to be representative of 
those having a wide range of relative maturities. 
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Environments and Cultural Practices 
according to Shaw and Waite (90) , air temperature 
isotherms were diagonal in a general west-northwest to east-
southeast direction during the crop season. The western part 
of the state consistently had less temperature gradient. 
Monthly crop season isohyets normally had a more complex 
pattern than the monthly crop season isotherms. Northwest 
Iowa was usually drier than other parts of the state during 
the crop season. 
Sites, therefore, had to be spread across the state to 
put the corn in the climatic extremes that usually occur in 
the state. The experimental sites chosen were near Ames, 
Beaconsfield, Garnavillo, Sutherland and Washington, Iowa and 
represented climates of central, south to south-central, 
northeast, northwest, and southeast Iowa, respectively. All 
sites were similar in that they were relatively uniform 
within each location and year. Care was taken to avoid obvi­
ous drainage problems, fertility problems were not known to 
exist, since the soils were not tested, except at Ames in 
1969. 
Border rows were planted at all locations. Each sub-sub 
plot was 4 rows wide. Rows were spaced about 75 cm apart, 
except at Beaconsfield where they were about 100 cm apart. 
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Plots were 10 m long. Host data were taken on the center two 
rows of each plot. 
Plots were hand planted in hills spaced 51 cm apart 
using "jab" planters except at Washington. There, the corn 
was drilled with a mechanical corn planter. In all cases, 
effort was made to plant the seed between 5.0 and 7.5 cm deep 
in moist soil. 
Three plantings were made in both 1969 and 1970 at the 
five separate Iowa locations. Each planting at each location 
was replicated three times. Planting dates for each 
location-variety-replication-planting combination are in 
Tables A 2.1 to A 2.10 of the Appendix. 
Plots were overplanted and thinned so that final stands 
were around 55,000 plants/hectare. The only exception was 
Beaconsfield in 1969. Hail reduced the stands below 55,000 
plants/hectare so that the final stands at this location were 
quite variable in 1969. 
iffles 
Corn was planted in the west half of the northwest 
irrigation plot of Iowa State University's Beach Avenue Re­
search Fields. These plots are typed as having a Colo silt 
loam soil. The plots ranged from poorly to fairly well 
drained, had high fertility and good aeration, and had high 
water holding capacity. The field was in the Squaw Creek 
flood plain. No real major flooding occurred, but some 
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runoff caused water to stand for a day in some spots in the 
plots in both 1969 and 1970. 
Soil tests of the plots indicated the soil had 5.7% 
organic matter and 6.7 p.H. The soil tested high in avail­
able phosphorous and potash. Fertility gradients were not 
detected. 
The land was fall plowed in 1968 for the 1969 crop. 
Sixty-eight kg of available nitrogen from ammonium nitrate 
and diammonium phosphate, 20kg of available phosphorous from 
diammonium phosphate, and 37 kg of potassium from KCl per 
hectare were broadcast on the plowed surface and disked in. 
The same Beach Avenue plots were fall plowed for the 
1970 portion of the experiment. Immediately before planting 
the 1970 plots, 450 kg of available ammonium and nitrate N, 
60 kg of P, and 75 kg of K per hectare were applied to the 
site. More fertilizer was added in 1970 because nitrogen and 
phosphorous deficiency symptoms were visible by August in 
1969. 
Ramrod 20-G was applied as a pre-emergence herbicide at 
recommended rates to control grassy weeds in 1969. A pre-
plant application of Lasso granules provided weed protection 
for the 1970 crop. Weeds that remained in 1969 and 1970 at 
Ames were hand cultivated out. 
Buxten and Aldrin granules were broadcast with the 
fertilizer in 1970 at double the recommended rates to protect 
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the corn against insects living in the soil. 
Rows laid north and south in 1969 and east and west in 
1970. 
Plantings were not randomized in 1969. 
Beaconsfield 
The actual location of the Beaconsfield sites in the two 
years was at the Shelby-Grundy Iowa State University Experi­
ment Farm 0.5 miles north of Beaconsfield, Iowa. The farm 
had land typical of the Shelby-Grundy soils. It was rolling 
and quite steep-sloped in some places on the farm. Ridges on 
the farm were not wide. The 1969 experiment was on the east 
side of the farm. The main soil type of these plots was 
Grundy silty clay loam. Plots mainly were typed as a Haig 
silty clay loam in 1970. 
In both years, the land was spring plowed and fertilized 
adequately. No herbicides or insecticides were used either 
time, but the sites were cultivated to eliminate weeds. 
East-west rows were used in 1969, and north-south rows 
were planted in 1970. Whole-units were randomized only in 
1970. 
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Garnavillo 
Mr. Gary F. Burrack provided the land for the northeast 
Iowa experiment plots. The farm was adjacent to Iowa Highway 
52 north of Garnavillo, Iowa and was in the west half of Sec­
tion 3, Farmersburg Township, Dubuque Co., Iowa. Plots were 
on a Downs silt loam each time. Slope of the site faced 
north. 
Plots were fertilized, plowed, and worked before 
planting both years. Rows were planted east and west. Ap­
plications of Buxten and àtrazine provided some protection 
against destructive corn insects and weeds. Plantings were 
randomized in 1970, 
Sutherland 
Plots were at the Galva-Primghar Experiment Farm, 
Sutherland, Iowa. The exact site had a mixture of Marcus 
silty clay loam, Primghar silty clay loam, and Primghar-Galva 
silty clay loam soil types. The whole site gently sloped to 
the south, was well drained, and was in good physical condi­
tion each year. 
Fertilizer in 1969 was broadcast using a small Ezee flow 
applicator. Legumes were grown on the plot in 7968, so only 
6.44 kg/ha of N were applied. A total of 36.45 kg/ha of P 
and 11.2 kg/ha K were added to the plots before planting. 
54 
The 1970 fertilizer was applied before plowing and con­
sisted of 140 kg/ha N, 29.6 kg/ha P, and 46.5 kg/ha of K. 
Weed protection came from pre-emergence application of 
Ramrod 20-G at rates of 1.68 kg/ha. Timely and needed rotary 
hoeing, cultivation, and hand hoeing were provided. 
Aldrin was applied with the fertilizer in 1969 (2.24 
kg/ha). DDT granules were sprinkled on the corn July 2, 1969 
to control corn borers- Furadan 10-G (1.12 kg/ha over the 
row pre-emergence) provided insect protection in 1970. 
Bows were planted in a north and south direction each 
year. 
Washington 
Plantings were not randomized either year at Washington, 
Iowa. The Washington, Iowa plots were located at Northrup, 
King and Company's Research Farm southeast of Washington. 
The farm itself is the land surrounding Washington's 
municipal airport airstrip. 
Land preparation consisted of plowing, fertilizing, and 
applying chemicals to control both weeds and insects. 
Atrazine and Bamrod were used and applied pre-emergence. 
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Description of Varieties Used in the Experiment 
Six Northrup, King and Co- ùybrids were used in this ex­
periment. They were KE435, PXUUS, PX519, PX610, KK614, and 
NK717. For convenience, they were coded as varieties 
1,2,3,4,5, and 6, respectively. These code numbers are used 
in other sections of this dissertation. 
Maturity ratings for these varieties were 85, 95, 105, 
115, 125, and 135 days for 1 to 6 in that order. Maturity 
rating was interpreted to be days for emergence to 
physiologic maturity. 
Varieties used in Iowa usually are in the 90 to 130 days 
range of relative maturities. Some of these varieties were, 
therefore, grown out of their adapted environments. 
Resistance to disease and insects, yields, standability, etc. 
were not considered when these varieties were chosen. 
àll the variety entries were yellow-dent hybrids, except 
5. It was a white-dent hybrid. KE435, KW814, and NK717 were 
U-way crosses. The rest were 3-way crosses. 
Seed was hand selected to screen out damaged kernels. 
Germination of all entries was checked through the courtesy 
of the Iowa State University Seed Laboratory. Results of the 
germination tests are in Table 5. 
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Table 5. Percent germination of 100 seeds in warm and 
cold tests 
Year Variety^ Warm Cold 
1969 1 99 90 
2 97 83 
3 91 86 
4 93 93 
5 95 77 
6 97 79 
1970 1 99 96 
2 99 98 
3 96 95 
4 98 99 
5 81 84 
6 96 96 
1 Varieties 1, 2, 3, U, 5, and 6 were KE435, PX446, PX519, 
PX610, KW814, and NK717. 
Observational Procedures 
Crop data 
Phenological data were taken on the crop both years at 
each location. Planting, tasseling, silking, and physiologic 
maturity dates were obtained at all locations. Emergence 
data were not taken at Beaconsfield in 1969, but were at the 
other sites and years. Leaf emergence data were taken for 
all environments except Washington in 1969. 
Emergence data were taken on the center rows of each 
plot. Plants were defined as emerged when the coleoptile was 
first visible. Observations were taken at nearly the same 
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time each day in each situation. Dates of 50 and 75% 
emergence of 7iable seed were obtained. Viable seed was the 
percentage of seeds germinating in the cold germination test. 
Development of leaves was followed also. Ten randomly 
chosen plants/plot were tagged from the center 2 rows. 
Tagging was completed before the first leaf had fallen. Leaf 
counts were taken weekly at all experimental sites in 1969. 
In 1970, no leaf emergence data were taken at the Washington 
site- At Ames, leaf counts were taken daily in 1970. Weekly 
leaf emergence data were collected in 1970 at Beaconsfield, 
Garnavillo, and Sutherland. Leaf emergence was defined to be 
complete for a leaf when the leaf's ligules had been spread 
apart by the stalk. 
Tasseling data were taken from all plots. Daily counts 
of tassels emerged in the center rows were obtained 
everywhere except Washington in 1959. At that time and 
place, actual dates of tasseling of the ten tagged plants 
were recorded. Similar data were taken from the other envi­
ronments. The tasseling data were taken in such a way to 
insure that dates of 50 and 75% tassel emergence of each plot 
were logged. Tasseling was considered to be complete in this 
study when the last of the tassel branches had grown com­
pletely out and free of the flag leaf's sheath. Pollen 
shedding data weren't taken. 
f-
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Plot and the tagged plant's silking dates were logged. 
As with the tasseling data, only dates of silking of the 
plot's tagged plants were recorded at Washington in 1969. 
Plants were called silked when the first silks could be seen 
coming from the shucks. 
Maturity sampling of the entries was more involved than 
the other phenological observations made, since the plant ma­
terial was collected and processed rather than just observed 
and logged. 
Physiologic maturity and 30% moisture dates were found 
on all plots where possible. 
Moisture samples were gathered in both 1969 and 1970. 
Gathering of samples from each data point began when mid-ear 
kernels started to dent and continued until data of killing 
frost, 30% moisture, and/or 4 harvests had been made. 
Harvests were spaced 5 days apart. The samples came from 10 
randomly selected ears from each replication. Replications 
were combined to form a single sample so that from 25 to 30 
ears were in each sample. Two rows of kernels were stripped 
from each ear to make up a composite kernel moisture sample. 
A representative portion of this grain was then evaluated for 
moisture content. 
The 1970 moisture samples were taken in much the same 
way as those in 1969, except samples were taken weekly from 
initial kernel dent stages to 20% moisture and/or killing 
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frost. Also, the 1970 samples came from a single plot within 
a replication. Replications were not combined as in 1969. 
Sixteen ears were randomly selected from a plot each harvest. 
Border rows were used to get samples for the first two 
harvests. Successive harvests came from the center rows up 
to the seventh harvest. 
Kernel moisture samples in 1970 were obtained in a way 
similar to that in 1969 except that the size was more uniform 
(around 300 gm -wet weight). The samples were then dried to 
check the moisture content. 
Physiologic maturity was determined in two main ways. 
Dry weights were taken at Ames in 1969. In addition, black 
layer evaluations were made on the varieties. 
Both kernel dry weight determinations and black layer 
evaluations were made from the same sample. Every three 
days, 15 kernels in a row were removed from ears remaining on 
the plant. Three mid-ear kernels were rated according to the 
appearance of the black layer. Reach (103) . The rest were 
dried. Moisture and dry weight percentages were then calcu­
lated for each sample. 
The 1970 black layer observations were made at all loca­
tions. They came from ears selected for the moisture sample. 
Mid-ear kernels were evaluated, and the average black layer 
rating was found for each sample. 
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Environmental data 
Air temperature data were collected in 1969 and 1970. 
At Ames, Beaconsfield, and Sutherland, maximum and minimum 
air temperatures were logged from standard Stevenson screens 
located near the plots. Washington air maximum and minimum 
temperatures were frcm an offical U.S. Weather Bureau station 
at Washington 2 miles from the plot. Daily air temperature 
data for the Garnavillo site came from the Elkader, Iowa U.S. 
Weather Bureau station climatological records (Environmental 
Data Service (42 and43)). 
Daily soil temperature data at the 5 cm depth were col­
lected where possible up to the first part of June in 1969. 
Regular glass laboratory thermometers were used at Ames, 
Garnavillo, and Washington. Palmer soil thermometers (Palmer 
Thermometers Inc., Cincinnati, Ohio) were used at Sutherland 
and Beaconsfield. All soil thermometers were placed in 
standing corn except those at Beaconsfield. Those were under 
bare soil. 
The 1970 5 cm soil temperatures were taken the early 
part of the crop season using Palmer soil thermometers at all 
locations. Beaconsfield data were from bare soil. The other 
1970 soil temperature data were from corn plots. 
Precipitation was measured and recorded daily at Ames, 
Beaconsfield, Sutherland, and Washington locations in 1969 
and 1970. Most gauges were close to the plots, except at 
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Washington. 
Garnavillo precipitation records came from Elkader data 
in 1969. The 1970 records came partly from Elkader and 
partly from a gauge by the plots. 
Soil moisture and plant stress were estimated for all 
stations both years. Data to do this did not come directly 
from the plots, but in some cases, came from fields very 
near-by. Beaconsfield and Sutherland's calculations were 
most representative of the experimental sites at those loca­
tions. Ames data came from Iowa State University Agronomy 
Farm data. Garnavillo estimates were from a test site 
southeast of Elkader, Iowa. Numbers for Washington came from 
a sits near Columbus Junction, Iowa. A computer simulation 
program (R. H. Shaw, Iowa State University, personal communi­
cation, 1973) was used to estimate soil moistures. 
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RESULTS AND DISCOSSION 
Climatic Summary 
Aic-t^maeratures 
Weekly normals of air temperature were calculated for 
the locations used in the study from magnetic tapes of U.S. 
Weather Bureau climatological records of nearby stations. 
The weekly normals were computed from the March 1, 1940 to 
February 28, 1970 records of maximum and minimum air tempera­
ture. Data reported in this research covered weekly tempera­
tures from April 19 to October 31. 
Averages of the 2 northern sites were lower than the 
weekly averages of Beaconsfield and Washington, except the 
week of 9-13 to 9-19. In that week, Washington's average 
weekly temperature was lower than both of the northern Iowa 
locations. 
Weekly air temperature increases from mid-May to mid-
June were larger in southern Iowa than the central and 
northern locations. August air temperatures varied less due 
to latitude than did the air temperatures of other months. 
Temperatures tended to decrease sooner and more rapidly at 
the northern sites in late summer and early fall. 
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In southern Iowa, Washington weekly air temperature in­
creases and decreases early and late in the crop season usu­
ally are larger than at Beaconsfield. Normal mid-June to 
late-July temperatures are very similar at Beaconsfield and 
Washington. 
In northern Iowa, mean weekly normal air temperatures at 
Sutherland and Garnavillo are similar from April 19 to June 
27. From June 28 to October 31, mean weekly air temperatures 
are lower at Garnavillo than Sutherland. Figure 2 shows the 
mean weekly air temperature distributions for all five loca­
tions (data from Table A 1.1 in the Appendix). 
Standard deviations of the 1940 to 1969 weekly air tem­
peratures were calculated for ten Weather Bureau stations lo­
cated across the state of Iowa. Spring and fall deviations 
of weekly air temperatures usually were larger than mid­
summer standard deviations. 
Average weekly air temperatures were also calculated for 
each location and year. Figures 3,4,5,6,7,8,9,10,11, and 12 
show the seasonal weekly trends in mean weekly air tempera­
tures that occurred. Data were from Appendix Tables A 1.2 
and A 1.3. 
The years 1969 and 1970 had radically different seasonal 
weekly air temperature patterns. In 1969, 20 weeks had tem­
peratures below normal at Ames. Only 11 weeks were below 
normal at Ames in 1970. The other locations had nearly the 
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same number of weeks above and below normal in 19 69 and 1970. 
At all locations, June temperatures were much below normal 
in 1969. From April 19 to June 21 weekly air temperatures 
were usually above normal in 1970. From June 21 to August 
23, the 1970 weekly air temperatures fluctuated more than the 
1969 weekly average air temperatures. 
From July 26, 1969 to October 31, 1969, air temperatures 
were below normal at Ames and Beaconsfield. During this same 
period, temperatures at Washington were near normal, but at 
Garnavillo and Sutherland temperatures averaged above normal. 
The 1969 temperatures from April 19 to October 31 averaged 
below normal at Ames and Beaconsfield. it the same time, at 
Washington averaged near normal. Garnavillo had temperatures 
below normal in 1969 first half of the season and above the 
second half. Overall, Garnavillo*3 air temperatures averaged 
near normal in 1969. Beaconsfield's average air temperature 
from April 19, 1969 to October 31, 1969 was slightly below 
normal. 
Each location had above normal average air temperatures 
from April 19, 1970 to July 25, 1970. Air temperatures from 
July 25, 1970 to October 31, 1970 averaged near, below, 
above, near, and above normal for Ames, Beaconsfield, 
Garnavillo, Sutherland, and Washington, respectively. 
For the whole 1970 season, all locations except 
Beaconsfield had above normal air temperatures. 
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Beaconsfield's temperatures were near normal in 1970. 
Growing degree units 
Weekly averages Weekly averages of growing degree 
units (G.D.O. = ((max. temp. + min. temp)/2.0)-SO^F, and max. 
temp. =86°F if > 86°F, min. temp. = 50°F, if min. temp.<50°F, 
and G.D. U. = 0.0 if G.D.O.< 0.0) were calculated for loca­
tions near the plots by Felch, Shaw, and Duncan (46). 
Fayette data were used as the normal for the site near 
Garnavillo. Corydon, and Clarinda, Iowa data were averaged 
to obtain normals for Beaconsfield. The Sutherland growing 
degree units were an average of Rock Rapids and Storm Lake, 
Iowa records. Washington growing degree units were a weight­
ed average of data froa cedar Hapids and Fairfield, Iowa. 
The weighted average was calculated as follows; Washington 
normal G.D.O. «s =(.25 x Fairfield weekly normal G.D. 0.'s) 
• {.75 X Cedar Rapids weekly G.D.O.'s). Data of these weekly 
average G.D.D. sums at the five locations ar>» in Table A 1.4 
of the Appendix. 
The 1969 weekly G.D.O. deviations from normal are shown 
in Figure 13. Accumulations are in Table A 1.5 of the Appen­
dix . 
At Ames in 1969, six weeks had G.D.U. sum deviations >+ 
10 G.D.O.'s from normal. Half of the larger positive devia­
tions developed the first half of the season. Sight weeks 
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had negative deviations greater than - 10.0 G.D.U.*s. June 
had total accumulations much lower than normal. 
Five weeks had positive deviations >+10.0 G.D.O.'s at 
Beaconsfield in 1969. They occurred the same weeks as the 
first five positive deviations at Ames. Ten weeks had G.D.O. 
sums which were more than 10 G.D.U.'s less than normal. 
At Garnavillo in 1969, ten weeks had positive deviations 
>+ 10 G.D.U.'s. Eight weeks had deviations >-10 G.D.U.'s. 
Similar number of weeks with deviations larger than ± 10 
G.D.U.'s for Sutherland in 1969 were 13 and 7 weeks. Ten 
weeks had G.D.U. sums >10 units larger than normal at Wash­
ington in 1969. 
The total number of weeks having G.D.O. sums $ 10 
G.D.O.'s in 1970 were nearly the same as those occurring in 
196 9. The pattern of G.D.U. deviation differed between the 
two years in that the 1970 deviations from normal were much 
more cyclical than the 1969 deviations. Data on the 1970 de­
viations are shown in Figure 14. 
Cumulative seasonal distribution of G.D.O.'s Figure 
15 shows the cumulative distribution of growing degree units 
for 1969. The locations in order of decreasing seasonal 
G.D.O. totals were Washington (3420.0), Beaconsfield (3197.5) , 
Sutherland(3017.5), Ames(2987.5), and Garnavillo(2896.0). 
Ames and Garnavillo had larger growing degree unit accumula-
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Figuce 15. Cumulative distribution of WBGDU's, 1969 
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tions than Beaconsfield early in the 1969 crop season. The 
reverse was true the latter part of 1969. Ames an3 
Sutherland have very similar accumulations in 1969, so the 
Ames distribution was the only one drafted on to Figure 15. 
The 1970 cumulative G.D.D. curves in Figure 16 are simi­
lar to 1969*s except the June accumulations were much larger 
in 1969 than in 1970. The range of seasonal total G.D.O.'s 
in 1970 was 724 G.D.U.'s. The 1969 range of total G.D.U.'s 
accumulated between locations was 524 G.D.U.'s. A total of 
3683-0, 3380.0, 3247.0, 3108.5, and 2959.0 G.D.U's accumu­
lated in 1970 at Washington, Beaconsfield, Ames, Garnavillo, 
and Sutherland, respectively. 
More G.D.U.*s accumulated in 1970 than in 1969 at each 
location, except Sutherland. Seasonal yearly differences at 
each location were : 1. Ames - 259.5; 2. Beaconsfield-183.5; 
3. Garnavillo-212.5; 4. Sutherland -59.0; and Washington -
263.0 G.D.U.'s. Data on weekly accumulations of G.D.U.'s are 
in Table A1.6 of the Appendix. 
Precipitation 
Shaw and Waite (90) stated that crop season precipita­
tion normally totals around 22.5, 23.0, 22.5, 21.0, and 22.0 
inches for Ames, Beaconsfield, Garnavillo, Sutherland, and 
Washington, respectfully. Crop season in this instance 
referred to the period froa April 1 to Septejsber 30. Al-
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Figure 16. Cumulative distribution of WBGD'J*s, 1970 
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though the amount of precipitation is nearly the same for the 
crop season, annual precipitation among these locations usu­
ally varies more. Northwest Iowa is normally driest. Pre­
cipitation increases going southeast across the state from 
the northwest. 
The 1969 precipitation from April 19 to October 31 at 
each location was 27.4, 29.7, 23.1, 25.4, and 26.1 inches 
(Ames, Beaconsfield, Garnavillo, Sutherland, and Washington). 
For the same period in 1970, the precipitation for the same 
locations and same order was 39.3, 25.9, 26.8, 18.5, and 33.6 
inches. 
The first half of the season had less moisture than the 
last half in 1969 at all locations. The reverse was true in 
1970. Ames precipitation was abnormally high in 197 0. Part 
of the increase was due to irrigation. About 4.5 inches of 
water were added July 16 and 17, 1970 at Ames. Appendix 
Tables & 1.7 and A 1.8 contain the weekly precipitation sums 
for each location. 
Soil moisture 
Daily estimates of total plant available soil water were 
calculated for the top five feet of soil in each six inch 
layer using a model developed by Shaw (R. H. Shaw, Iowa State 
University, personal communication, 1973) for both years and 
all locations. HeeXly samsaries *ere made of the plant 
available water in the top six inches, the top foot, and 
total five feet of soil. Six - and twelve - inch summaries 
were included because smaller plants cannot get water from 
deeper layers shortly after planting. The weekly data for 
1969 and 1970 are in Appendix Tables 1.9, 1.10, 1.11, 1.12, 
1.13, and_1.14. Table 5 summarizes the average seasonal 
Table 6. Summary of 1969 and 1970 crop season soil moisture 
conditions at each experimental site 
Year Soil Part of Location 
Layer Crop Season 12 3 4 5 
1969 Top 6" First half 0.739 0.930 1.013 0.797 1.061 
Second half 0.737 0.888 0.808 1.047 1.053 
All 0.738 0.909 0.910 0.922 1.057 
Top 12" First half 1.621 2.080 2. 162 1.897 2.184 
Second half 1.368 1.441 1.261 1.986 2.115 
All 1.495 1.760 1.711 1.941 2.149 
Total 5* First half 8.680 7.002 11.239 11.111 9.733 
Second half 5.927 5.553 6.580 8.096 9.533 
All 7. 303 6.778 8.909 9.603 9.633 
1970 Top 6" First half 0.424 0.646 0.804 0.602 0.972 
Second half 0.740 0.879 0.948 0.715 1.037 
All 0.582 0.762 0.876 0.659 1.004 
Top 12" First half 1.084 1.395 1.681 1.287 2.054 
Second half 1. 528 1.776 1.888 1.264 2. 192 
All 1.306 1.585 1.785 1.275 2.123 
Total 5» First half 7.403 3.596 9.347 8.803 9.656 
Second half 6.975 4.793 8.115 4.909 9.613 
All 7. 189 4. 194 8.731 6.856 9.634 
soil moisture conditions in 1969 and 1970 at each site, 
seasonal soil moisture conditions in 1969 and 1970 at each 
site. Locations 1, 2, 3, H, and 5 are the codes used for . 
Ames, Beaconsfield, Garnavillo, Sutherland, and Washington. 
Seasonal amounts of plant available water in the top six 
inches and total five feet of soil were greater in 1969 than 
1970. The same was true for the top foot of soil except for 
Garnavillo which had more moisture in this layer in 1970 than 
1969, 
The average soil moisture conditions do not show that 
for some days little or no plant available moisture was 
present in some of the upper layers. Such conditions are 
critical in determining growth rates of young plants that 
have not rooted deeply. In 1969, 10, 5, 15, 0, and 0 days at 
sites 1, 2, 3, 4, and 5 had less than 0.01 inches of plant 
available moisture in the top six inches of soil during the 
crop season. The corresponding number of days in 1970 were 
23, 20, 4, 38, and 0 days. 
Badiat ion 
Radiation data for Ames came from weather records of the 
Environmental Data service (4U) and (45) summarized from 
data collected by Iowa State University. Total incoming 
direct and diffuse radiation was measured using an Epply 
pyranometer. Missing data were estimated using a method sug­
gested by Sandoval and Shaw (85). Weekly average radiation 
and the total sum of radiation received are shown in Table A 
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1.15, 
Figure 17 shows the cumulative distribution of radiation 
for 1969 and 1970 at Ames, lowa. The 1970 radiation vas 
greater than the 1969 radiation from June 21 to September 13. 
The rest of the crop season had greater radiation loads in 
1969 than 1970. 
Da%lenath 
Lengths of days occurring during the crop season were 
obtained from List (62). Latitude of the northern sites was 
around 43®N. Ames vas about 42®N. Beaconsfield and Washing­
ton, Iowa plots were about 410N. Northern locations had 
longer days up to the latter part of September. After that 
time, days were longer at the southern locations. Thus, 
during the major portion of the growing season, days were 
longer in northern Iowa. Table A 1.16 contains the average 
weekly daylengths for the various locations. 
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Figure 17. Cumulative distribution of radiation. Ames, 1969 and 1970 
Effects of Climate on Corn Phenology 
Location, planting date, and variety effects on 
corn emergence 
Data collected on corn emergence are in Table 7. Data 
Table • 7. Days from planting to 75% emergence^ 
Site Planting Variety 
1 2 3 U 5 6 
1 1 12.2 12.5 12.8 12.7 14.5 13. 3 
2 10.7 10.8 11.3 12.2 12.3 12. 0 
3 5.8 6.0 6.0 6.0 6.7 6. 3 
2 1 7.7 7. 3 8.0 9.0 9.3 8, 7 
2 8.3 7.0 7.3 9.0 9.7 8. 3 
3 5.3 5.7 6.0 6.0 6.7 6. 7 
3 1 13.5 13.0 13.2 14.5 14.7 13. 7 
2 8.5 8.8 8.8 10.2 9.0 9. 8 
3 7.5 8.0 7.8 8.7 8.2 8. 0 
U 1 13.5 13.5 1U.0 14.2 15.0 14. 7 
2 9.3 10.2 9.5 10.7 11.3 10. 3 
3 5.5 6.5 6.2 7.2 7.8 6. 7 
5 1 10.8 10.7 11.5 12.2 12.7 n. 7 
2 8.6 8.8 10.3 8.6 9.0 9. 2 
3 5.5 5.3 5.5 6.2 7.3 6. 2 
iThe 1969 data at Beaconsfield were not collected. 
points are from 80 plants in the center two rows of each 
plot and are means of three replications and two years of 
data, except for the Beaconsfield data. At Beaconsfield, 
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emergence data were taken only in 1970. The numerical values 
are days to 75% coleoptile emergence of viable seed, based on 
cold test data. The data were not analyzed in as much detail 
as the other periods studied because; 1. soil conditions be--
tween replications were not as uniform as desired; 2. the 
Washington, 1969 counting technique was not similar to that 
used at the other locations; 3. Washington entries were 
planted with power driven equipment, whereas "jab" planters 
were used at the rest of the locations; and U. the physical 
and chemical environments were not characterized well enough. 
Location, planting date, and variety effects on days to 
emergence were noticeable. Corn planted at northern loca­
tions usually took longer to emerge than did that planted at 
southern locations. Individual variety-planting date-
location averages did not necessarily bear this out. 
Average days needed for each planting to reach 75% 
emergence were 13.2, 10.1, and 6.7 days for the first thru 
third planting. Data from Beaconsfield, 1970 were not in­
cluded in the means because the 1969 data were missing. All 
except two variety-planting-location data points took less 
time to emerge when planted later. Later plantings took less 
time to emerge at every location when averaged across varie­
ties. 
Variety effects on emergence rates were not as large as 
planting date and location effects. Days needed fay each 
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entry to reach 75% emergence when averaged across locations 
were 8.9, 8.9, 9.2, 9.8, 10,3, and 9.7 days for varieties 1 
thru 6. This type of pattern was typical, unless soil condi­
tions varied so much that emergence was delayed within a plot 
of a replication. 
Influence of climate on the length of the planting 
l2_silkina_interval_of_growth 
Influence of climate on the length of the planting to 
50% silking interval of growth was examined in the study. 
Data were complete from the 1959 and 1970 experiments on this 
interval of growth, except for the variety 4-replication 
3-planting date 2 plot at Washington in 1969. An analysis of 
covariance, with the missing plot as the covariate, was made 
on the days contained in this interval of growth. Table 8. 
Locations, years, planting dates, and varieties caused the 
length of the period to change. All, but one, interaction 
terms containing location and year components were signifi­
cant. 
Location-year air temperature, plant available soil 
moisture, and daylength data were logged at these environ­
ments were averaged for each plot. The association of these 
data with growth rates and with each other is contained in a 
correlation matrix in Table 9, 
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Table 8. Analysis of covariance of days from planting to 
50% silking 
Source 1 df MS F(df)2 F3 
A 4 1653.6 5/7 4. 327* 
B 1 8700.8 1/6 21.132** 
AB 4 304. 1 4/8 2.684 
Error a 20 2.9 
D 2 10471.8 2/6 48.770** 
AO 8 103.8 8/8 0.937 
BD 2 112.6 2/8 1.009 
ABD 8 110.8 8/40 48.261** 
Error b no 2.3 
F 5 6528.7 5/23 109.250** 
AF 20 15,7 38/41 1.150 
BF 5 25.0 8/30 1.600 
DF 10 12,2 23/32 1.357 
ABF 20 13,2 20/40 1.857* 
ADF no 6.9 40/40 1.000 
BDF 10 6.8 10/40 1.000 
ABDF 40 6.8 40/299 7.356** 
Error c 299 0.9 
^Sources are A-locations, B-years, D-planting dates, 
and F-varieties. 
2F(df) =Degrees of freedom used to test mean squares. 
3* and ** imply significance at the 5 and 10% levels. 
Days to silking were related to everything measured 
except the amount of top six-inch plant-available-water, lo­
cation, and replication. Three possible reasons why the 
amount of plant available water wasn't related were; 1. The 
estimates of plant available water may not have been accurate 
enough (because of assumptions made in the soil moisture 
model and/or because the actual sites were not used to calcu­
late the moistures); 2. The available soil moisture may have 
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varied too much, being alternately wet and dry 
Table 9. Correlations of environmental, varietal, and 
dependent variables^ 
Variable^ i 2 3 4 5 6 7 8 9 
Days 1.00 
Entry 0.63 1.00 
Temp. -0.58 0. 14 1.00 
PAV1 0.01 -0.09 0.04 1.00 
PAV2 0. 10 -0.14 -0.14 0.94 1.00 
PAV3 0.21 0.04 0. 12 -0. 33 -0.31 1.00 
Day1th -0.54 -0.35 0.31 -0.10 -0.27 -0.14 1 .00 
Loc. -0.04 0.00 0.31 -0.59 0.44 -0.48 0.09 1 .00 
Year -0.35 0.00 0.43 -0.48 -0.58 0.10 0.16 0.00 1.00 
PD -0.56 0.00 0.73 0.10 -0.10 0.03 0.66 0.12 0.02 
ir{.05) =0.088, and r(. 01) =0.115 with 500 d.f. 
2Days=days from planting to silking, entry=variety relative 
maturity rating, temp.=average air temperature, PâVI 
thru 3 are average plant available water in the top six 
inches, top foot, and top five feet of soil, daylth=daylength, 
loc-location code, and P.D.=planting date. 
many times during the year; and 3. Alternate sources of 
moisture existed for the plants, or water could have come 
from other layers in the profile when needed. Replications 
were randomized, which accounted for their low association 
with days in the interval. Locations were not associated 
with days from planting to silking because of the way they 
were coded. 
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Signs of the correlations of independent variables with 
days to silking seemed logical except for the soil water 
terms. These correlations indicated wetter soils were caus­
ing delays in silking. Moisture levels, however, were gener­
ally not limiting growth. Cooler temperatures and a wet 
season could have caused such an effect as indicated by the 
correlation. 
Variety correlation with environmental variables was 
unique. The highest correlation was between variety and 
daylength. Variety correlations with location, year, and 
planting date were irrelevant. Longer season varieties were 
grown in warmer average air temperature, slightly drier top 
six inch and top foot soil, and shorter daylength environ­
ments. 
Air temperatures were highly correlated with location, 
year, and planting date. Sign of the correlations were im­
portant only with planting date. In that case, the correla­
tion was positive, as expected. Daylength and temperature 
were positively correlated, but the size of the correlation 
was not as high as it was originally thought it would be. 
The apparent cause of the lower correlation was that the 
seasonal pattern of air temperatures and day length were not 
in phase, and air temperatures fluctuated yearly and 
differently at each location, Daylengths were the same for 
each year and increased at all locations until June 21. 
9 4  
Thereafter, they declined thru the crop season. 
Table 9 shows that locations, years, and planting dates 
had different amounts of available soil moistures in the top 
six inches, top foot, and top five feet layers of soil. 
Largest differences in amounts of top five feet soil moisture 
existed among locations. A small, but significant, associa­
tion occurred between the top five feet plant available soil 
moisture and years. No correlation was detected between 
planting dates and top five feet available soil moistures. 
Statistical models of the days in the planting to 
silking interval of growth were then developed using a 
stepwise regression procedure reported on by Service (86). 
Independent variables included in the modeling procedure were 
varieties, air temperatures, daylength, and amounts of plant 
available soil moisture in the three mentioned layers. Loca­
tions, years, and planting dates were not included in the 
modeling because they were not continious variables. Howev­
er, their effects were accounted for by air temperatures to 
some degree. Every location-year-planting date combination 
had its own special thermal signature. 
Models of all possible combinations of the variables 
used were screened by the "SAS" subroutine. Variables were 
added and remained in the model only if they were significant 
at the 5% level. Using these criteria a model having air 
temperature, variety, daylength, and amount of water in five 
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feet of soil (in that order) had the highest RZ^ 0.88. 
Models containing average amounts of available soil moisture 
in the top six inches and top foot did not improve the over­
all model. The best fitting 1, 2, 3, 4, 5, and 6 variable 
models are shown in Table 10. 
Table 10. "Best" regression models of days from planting 
to 50% silking 
Modeli B2 
Y= 26.1+.43X1 0.39 
Y=232. 3+.49X1-3.04X2 0,85 
ï=230.3+.49X1-2.95X2-.84X3 0.87 
Y=392.9+.45X1-2.70X2-.97X3-.19X4 0.88 
Y=3 85.5+.46X1-2.72X2-.93X3-.18X4+1.16X5 0.88 
Y=391. 6 + .46X1-2.73X2-. 93X3-. 19X4 + 2. 22X5-.59X6 0.88 
iX1=variety relative maturity rating, X2=average air 
temperature, X3=average plant available water in the 
top five feet, X4=average daylength, X5=average plant 
available water in the top six inches of soil, and 
X6=average plant available water in the top foot of 
soil. y=predicted days from planting to silking. 
From a practical standpoint, most of the variation was 
accounted for by models containing varieties and average air 
temperatures. Additional variables sometimes explained addi­
tional variation, but the "improvement" was not large in all 
cases. 
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The overall mean number of days needed by the entries 
used in this experiment to grow from planting to 50% silking 
was 72.2 days. Mean air temperature during this period was 
around 70.2®F. 
Corn raised at sites 1, 2, 3, 4, and 5 respectively 
needed 72.7, 72.3, 77.1, 77.8 and 67.5 days to reach silking. 
Corresponding average air temperatures were 69.5, 70.4, 
68.9, 69.6, and 72.7°?. The air temperature growth rate data 
were logical except for Ames and Sutherland. At Ames, devel­
opment rates were faster than they were at Sutherland, even 
though air temperatures were nearly egual. 
Corn planted in 1969 and 1970 took 77.3 and 69.6 days to 
reach silking. Average air temperatures that existed for the 
successive two years were 69.7 and 71.3°?. 
Corn at each location took more days to reach silking in 
1969 than 1970 but the size of the yearly differences were 
not the same among locations. Instead, the differences 
depended on thermal environment among location between years. 
Planting early to late in the season frequently caused 
big changes in the number of days needed by corn to reach 
silking. Means of days across locations and years of early, 
medium, and late plantings were calculated for each location 
and were plotted. Figure 18. Mean days across locations and 
years of early, medium, and late plantings were 81.7, 72.0, 
and 66.7 days. Planting dates caused much the same reaction 
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Figure 18. Influence of average air temperature on 
days from planting to 5035 silking 
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at each location, and the differences in days needed to reach 
silking caused by year x planting date interaction were 
relatively small. Location x year x planting date sums of 
squares were larger, comparatively, than the location x 
planting date and year x planting date interaction. Examina­
tion of the raw data showed that the 1969 changes in days 
needed to silk were nearly linear in many cases. In 1970, 
many locations showed varieties needed only a small differenc 
in days to silk between the mid and late season plantings. 
Sutherland's data were typical. Figure 19. Knowing the 
planting date may not help determine silking dates very well. 
A days versus average air temperature plot. Figure 20, for 
the same Sutherland data was much more systematic and 
accounted for more yearly variation in the environment. 
Entries differed in the length of time needed to reach 
silking, no matter when or where planted. Figure 21 shows 
the effect relative maturity ratings of the varieties had on 
days needed to develop. Mean days needed by varieties 1 thru 
6 to reach silking were 63.2, 66.8, 70.9, 72.9, 84.6, and 
82.6 days. A highly significant linear trend existed (R2= 
0.40) between variety rating and days to silking. Variety 5 
seemed to segregate more than the rest. Two possible reasons 
why it took longer to develop than one would predict, were 
that it probably was given an incorrect relative maturity 
rating and, that it was a white dent rather than yellow dent 
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Figure 19. Planting date influence on 
days from planting to 50% 
silking, Sutherland 
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Figure 21» Variety influence on days 
from planting to 50% silking 
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Figure 22. Location x variety influence 
on days from planting to 
50% silking 
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hybrid. White dent hybrids as a group may not be slower 
developing than yellow dents, however. 
Days from planting to silking were related to aaount of 
dry matter produced/kernel. The amount of dry matter pro­
duced for the varieties used, listed in increasing order, was 
1, 2, 3, 4, 5, and 6. 
Data from Table 8 indicated that interaction of varie­
ties with locations, years, and/or planting dates was most 
important when locations and years were in the interaction 
term with varieties. Analysis of the average air temperature 
data revealed that changes in average air temperature at each 
location in each year could have caused this type of reac­
tion, because it had the same significant variance components 
as the analysis of days in the period. 
The interaction of location, planting date and variety 
on days to silking was not significant, but the mean days 
needed to reach silking are relevant to production problems. 
Since the temperatures averaged near normal over the two 
years, the mean values could be interpreted as being 
"typical" of other varieties planted in similar situations. 
The means are given in Table 11. Each data point consists of 
six plots having about 80 subsamples/plot. 
Figure 22 shows that longer season varieties were 
affected more by location differences than the shorter season 
varieties. The differences in mean days needed for each va-
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Table 11. Average days from planting to 50% silking 
Site Planting Variety 
1 2 3 4 5 6 
1 1 69.8 74.3 77.8 80.5 93.2 90.0 
2 62.5 66.8 70.8 73.2 84.2 82.2 
3 53.5 57.1 61.5 63.7 76.3 71.7 
2 1 68.5 72.0 74.8 78.5 89.5 89.3 
2 58.9 62.3 67.2 71.0 82.7 86.0 
3 59.5 61.7 64. 2 66. 2 75.7 74.0 
3 1 76.2 79.2 83.2 87.0 96.8 95.0 
2 64.5 68.2 73.2 76.5 85.2 83.8 
3 60.2 63.8 67.2 70.0 81.0 77.7 
4 1 75.5 80.8 85.0 87.7 100. 3 98.3 
2 64.2 67.7 72.5 76.7 88.2 84.5 
3 57.8 62.8 67.3 69.8 81.7 79.2 
5 1 66.0 68.2 72.5 75.2 85.2 83.2 
2 57.7 60.5 64.8 54.3 76.5 74.7 
3 53.3 56.7 61.2 63.7 72.2 69.5 
riety to reach silking were 8.0, 8.7, 8.8, 13.8, 12.2, and 
11-6 days for varieties 1 thru 6, respectively. 
Even though the cause for this type of reaction was not 
known, it is important to realize that geographical location 
can influence the number of days from planting to silking 
needed by varieties of varying maturity differently. 
Northern Iowa environments will not necessarily delay silking 
of varieties with varying maturity by the same amount over 
southern losa locations. No location trends were noticed, 
except than those varieties having relative maturities < 115 
days were affected less by locations than those having rela­
tive maturities > 115 days. 
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Varieties used in this experiment indicated that short 
season varieties may be more variable in time needed to silk 
than longer season varieties when compared across years. 
Part of the increased variance undoubtedly came from the 
genetic make-up of the entry, but much of the variance in 
this experiment came from the differences in air temperatures 
in 1969 and 1970. Average air temperature differences of the 
two years were greater earlier in the season in Hay, than 
they were in July. Temperature was limiting growth many 
times in May. The early season varieties began silking in 
late June. Thus, they were grown when the temperatures were 
more variable between locations. Longer season varieties 
grew at the same time, except for the time after the early 
season varieties had silked. Analysis of weekly mean temper­
atures showed that this type of temperature pattern is normal 
for Iowa, based on 1940 to 1969 records. 
Planting later caused varieties to take from 14.3 to 
16.8 days less to reach silking. The trend in the change of 
the length of the period seemed to depend on the maturity 
rating of varieties with shorter season varieties being 
affected less by planting dates. The trend in percentage 
change in length of this period of each maturity class was 
not consistent with the magnitude trend. The respective per­
centage changes due to planting later were 23. 1, 21.6, 20. 1, 
20.8, 18.5, and 20.5% for entries 1 thru 6. The percentage 
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change in length of the period of the yellow dent hybrid 
entries averaged 21.2% of each variety's period mean length. 
In summary, one could say that for any one variety 
tested in this study, averages of air temperature, daylength, 
and plant available water in the top five feet of soil and 
top foot of soil influenced the rate of Zea mays L. develop­
ment. Of the environmental variables tested, daylength and 
temperature were most highly correlated to days to silking. 
Climatologically speaking, temperature seemed most important 
to development rates. Soil moisture affected corn develop­
ment rates, but because of a combination of soil moisture 
content estimation problems and limited capacity to control 
moisture in the soil, its effects were not as important in 
this study. Drier soils did slow growth when temperatures 
were not limiting. The reverse was true when the soils were 
cooler. 
To predict when corn was going to silk in climates simi­
lar to Iowa's, this study indicated that it is essential to 
know the relative maturity of the variety, average air tem­
perature expected, and average amount cf water available for 
growth in the top five feet of soil. If the varieties are 
very daylength sensitive, average daylength would be essen­
tial to know. Most variation (R2= 0.85) was accounted for by 
variety relative maturity ratings and average air tempera­
ture. Drier soils could alter this relationship, and one 
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should account for this if he were predicting silking dates 
in Iowa. Figures 23 and 2U show what could happen to the 
length of the planting to silking period of growth if one 
grew corn in soils averaging 9 inches and 1 inch of plant 
available moisture in the top five feet of soil in Iowa. 
Influence of climate on the length of the silking to 
black laver maturity development interval 
Black layer measurements of physiological maturity were 
taken only at Ames in 1969. The sampling technique has al­
ready been discussed in the methodology chapter. Except for 
the third planting of the 125 day variety, all entries at 
Ames in 1969 reached black layer maturity. Consequently, va­
riety 5 was left out of the data analysis and discussion on 
black layer development. 
Simple correlations were calculated for the average 
phenological response and environmental conditions that 
existed. Results of the correlation calculations are in 
Table 12. 
Longer season varieties took more time to reach black 
layer maturity from silking. Cooler temperatures increased 
the length of the filling period. Increased soil moisture in 
the top six and twelve inches increased the length of the 
period. Increased available soil moisture in the top five 
feet of soil decreased the length of the period. The rela-
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Table 12. Simple correlations of days from silking to 
black layer with independent variables (Ames, 1969) 
Variable* 1 
Days 1.00 
Entry 0.88 1. 00 
Temp. -0.78 -0. 90 
PAV1 0.66 0. 84 
PAV2 0.60 0. 80 
PAV3 -0.65 -0. 65 
Daylth -0.77 -0. 91 
Loc. -0.16 0. 00 
Reo. 0.01 0. 00 
1.00 
-0.80 1.00 
-0.74 0.99 1.00 
0.85 -0.38 -0.30 
0.99 0.78 -0.73 
-0.39 0.06 0.04 
0 . 0 0  0 . 0 1  0 . 0 2  
1 .00  
0 . 8 6  1 . 0 0  
-0.57 -0.38 1.00 
0.02 0.00 0.00 1.00 
^Variables are; 1. days=days from silking to black 
layer maturity; 2. entry=relative maturity of variety; 
3.temp.=average air temperature; 4.pavl,pav2,pav3=ave. 
plant available water in the top six inches, top foot, 
and top five feet; 5.daylth=average daylength; 6.pd.= 
planting date; and 7.rep.=replication. 
r(.05) =0.29, and r(.01)=.37 with 45 d.f. 
tion between days from silking to black layer maturity and 
available soil moisture in the top five feet seemed logical, 
but the same relation between the other two soil parameters 
and days in the period did not. Biological activity usually 
increases under more favorable moisture conditions, which 
would shorten the length of this period. Rainfall distribu­
tion explained some of this effect, however. Across varie­
ties, soil moisture increased with later plantings. Drier 
soils during August and early September could have slowed de­
velopment and increased carbohydrate reserves in the stalks. 
Consequent wetting later in the season could have mobilized 
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these reserves and caused delays in maturation. In addition, 
the soils were moistened when the temperatures were 
seasonally declining. 
As the daylength decreased, days from silking to black 
layer maturity increased. 
Interestingly, days from silking to black layer maturity 
were not affected by planting later, as much as days from 
planting to silking were affected. The length of planting to 
silking interval of growth had a coefficient of variation of 
13.1%. The C.V. for the silking to black layer interval was 
10.1%. Some of the decreased variability was due to a 
decreased air temperature variance during the filling period, 
but much of the reduced variability was due to an inherent 
tendency of corn to set its sink capacity two to three weeks 
after silking and have a more constant filling period length. 
Evidence to support this hypothesis.was; 1. Correlation of 
average air temperature with days in the filling period was 
higher than the correlation of average air temperature and 
days needed to develop from planting to silking (0.78 vs. 
0.58), this indicated air temperature changes were having a 
more definite effect, 2. The range of average air temperature 
was greater in the silking to black layer interval (7.a F®) 
than the planting to silking interval (6.6 F°), which indi­
cated air temperature should have influenced the filling 
period length more than the elongation period (assuming simi­
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lar response of Zea mays L. to temperature at different 
growth stages); 3. Silking data were collected daily, but the 
black layer samples were taken only on three day intervals; 
and 4. Kernels from later plantings were smaller and weighed 
less/kernel, which offset declining availability of growth 
resources in the fall. 
Correlations in Table 12 of entry with environmental pa­
rameters showed that the longer season varieties on the aver­
age grew in cooler temperatures, in more moist top foot and 
top six inch soils, in drier top five feet of soil, and in 
shorter days than the short season varieties. 
Correlations of environmental parameters measured for 
the silking to black layer maturity period with each other 
were significant in most cases, except for those involving 
replication. 
A number of screening regressions were made on the 1969 
silking to black layer maturity data from Ames. Varieties, 
average air temperature, average soil moisture conditions at 
the three mentioned levels, and daylength were used as inde­
pendent variables in the modeling. Best fits, using maximum 
R2 criterion, 0.95 variable entry levels, and 0.05 variable 
deletion limits, were those using variety and top foot soil 
moistures. A listing of the best fitting models of the 
silking to black layer maturity data is in Table 13. 
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Table 13. Regression models of silking to black layer 
maturity data on environmental and variety 
variables (Ames, 1969) 
Modeli 
Y= 26.4+.30X1 0.78 
Y= 35.9+.38X1-18.7X4 0.82 
Y= 5. 1 + .34X1-60.9X4 + 126.0X3 0.83 
Y=-298.7 + .5X1+68.2X4 + .44X6-19.1X5 0.90 
Y=-296.6+.5X1-17.5X4+111.9X3+.4X6-17.9X5 0.90 
Y=-291.3+.5X1-17.9X4+109.9X3+.4X6-17.6X5-.13X2 0.90 
iXl=variety relative maturity, X2=average air temperature, 
X3=av€rage top six inch soil moisture, X4=average top foot 
soil moisture, X5=average five feet soil moisture, X6= 
average daylength, and Y=predicted value. 
The best single variable model was the one using variety 
as the independent variable. Rz in this regression was 0.78. 
A similar model of the planting to silking data had an Rz of 
0.40. Knowing the maturity of the variety seemed to give 
more information on its filling period length than the time 
needed for it to reach silking after planting. 
Air temperatures accounted for very little of the varia­
tion in the silking to blacklayer data when a variety term 
was in the model with temperature. However, when air temper­
ature was used alone, it accounted for 61S6 of the variation. 
Data on the magnitude of variety and planting date 
effects on the silking to black layer interval of growth are 
in Table 14. Each data point is a mean of the value 
i n  
Table 14 . Length of the 50% silked to mean black layer 
maturity interval of growth (Ames , 1969)1 
Varz Planting 
1 2 3 
Days Temp C. V. Days Temp C.V. Days Temp C.V. 
1 U8.0 74.6 6.75 48.7 74.3 6.29 51.3 72.5 5.70 
2 56.0 73.8 6.05 58.0 72. 1 5.75 55.0 71.3 5,54 
3 58.0 72.5 5.80 58.6 72.2 5.65 56. 3 70.3 5.51 
a 65- 0 72. 2 5.79 61.3 70.2 5.61 59.0 69.0 5.45 
5 67.5 64.5 
6 68.0 68.7 5.63 65.0 68.3 5.44 62.0 67.7 5.34 
^planting 2 and 3 of variety 5 did not fully mature. 
2Var=variety, Days=time from 5055 silking to 75% black 
layer maturity, Temp=average air ter-'.perature, and 
C.V.=coefficient of variation of days. 
obtained from 5 to 10 plants/plot. 
Examination of the 1969 Ames silking to black layer data 
revealed that early season varieties have shorter filling 
periods than long season varieties. This trend was true 
across all planting dates. Among variety means, differences 
as large as 20 days in filling time existed between early and 
late season varieties. Differences among filling lengths of 
varieties depended on date of planting, though. Planted in 
late April, variety 1 took 20 days less to fill than variety 
6. Corresponding differences between variety 1 and 6 for the 
second and third planting were 16.3 and 10.7 days. Long 
season varieties changed the length of their filling periods 
when planted later. Early season entries did not necessarily 
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have shorter filling periods. Figure 2 5 shows the relation 
between varieties and planting dates. 
Black layer data were gathered in 1970 at all locations 
on all entries. Plots (variety 1-planting 1-Beaconsfield) 
were missing due to animal damage. Later plantings of varie­
ties 4, 5, and 6 did not reach black layer maturity. Corre­
lation and regression analysis were completed on all maturing 
observations. 
The 1970 days from silking to black layer maturity were 
influenced by variety, average air temperature, average 
daylength, and planting dates. Table 15. 
Table 15. Correlations of silking to black layer 
dependent and independent variables (1970): 
variable: 123456789 
Days 1.00 
Entry 0.59 1.00 
Temp. -0.72 -0.43 1.00 
PAVl 0.06 0.32 0.15 1 .00 
PAV2 0.04 0,39 0.19 0.97 1.00 
PAV3 -0.04 -0.02 0.06 0.71 0.59 1 .00 
Daylth -0.65 -0.73 0.74 -0.33 -0.36 -0.01 1. 00 
Loc. 0.07 -0.07 0.23 0.46 0.31 0.40 0. 05 
Pd -0. 18 -0.11 -0.18 0.25 0.26 0.06 -0. 43 
1.00 
0.18 1.00 
ir(.05)=0.14 r(. 01) =0.18 with 270 d.f. 
^Variables are the same as in Table 12 except loc., 
which is location. 
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Longer season varieties, decreasing temperatures, an J 
daylength were associated with longer filling periods. Over­
all varieties planted later had shorter filling periods. 
Soil moisture had little effect on filling period lengths. 
Long season varieties grew in cooler mean air tempera­
tures, more moist soils in the top foot, and in shorter days 
than short season varieties. 
In both 1969 and 1970, days from silking to black layer 
maturity were influenced greatly by variety, air tempera­
tures, daylengths, and planting dates. Varieties and average 
air temperatures correlated highly with daylengths in both 
the 1969 and 1970 silking to black layer data. 
Days from silking to black layer in 1970 were regressed 
against variety (XI), average air temperature (X2) , and top 
five feet plant available soil moisture (X3). Daylengths and 
planting dates were omitted because of their collinearity 
with variety and average air temperature. Soil moisture in 
the top five foot was included because it was important to 
development before silking. Data for each location are in 
Table 16. 
Variety coefficients ranged from 0.16 to 0.31. Most, 
however, grouped around 0.20. The 1969 variety coefficient 
for Ames, using a slightly different technique, was 0.32. 
within locations, filling period lengths increased with long­
er season variety rating in this experiment. In 1969, 
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Table 16. Filling period lengths as affected by relative 
maturity, air temperature, and plant available 
top five feet soil moisture (1970) 
Location Modeli R2 
1 Y= 91.14+0. 22X1-0.84X2 0.75 
1 Y= 88.66+0. 22X1-0.81X2+0.11X3 0.75 
2 Y= 23.02+0. 31X1+0.01X2 0.70 
2 Y=402.86+0. 20X1-U.19X2-18.3X3 0.83 
3 Y=131.64+0. 16X1-1.23X2 0.58 
3 Y=319.56+0. 21X1-2.31X2-15.99X3 0.70 
a Y=136.07+0. 19X1-1.36X2 0.75 
n Y=123.89+0. 20X1-1.34X2+2.24X3 0.75 
5 Y= 35.32 + 0. 19X1-0.04X2 0.51 
5 Y=110.96+0. 21X1-1.29X2+2.22X3 0.53 
iX1=variety maturity rating in days, X2=average air 
temperature, and X3=average top five feet plant 
available soil moisture. 
varietal coefficients for the first planting at Ames were 
much larger than for the later plantings, i.e. larger differ­
ences in filling periods existed for the first planting com­
pared to later plantings. Similar reaction of variety X 
planting date components did not exist in 1970. Differences 
tended to be as large between varieties in the first planting 
as in the second and third plantings in 1970. 
Table 16 shows that temperature effects within locations 
were variable. Air temperature coefficients within locations 
in 1970 ranged from near zero to a 1.36 day decrease in 
filling period length for every F® increase in average air 
temperature. This variability was due to the differing 
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varietal reaction to air temperature during the silking to 
black layer period of growth. In 1969, longer season varie­
ties had reduced filling period lengths, even though the av­
erage air temperatures were getting cooler. No such trend 
was detected in the 1970 silking to black layer data. 
Data from each variety were then pooled across locations 
to examine temperature effects. Larger ranges of filling 
period temperature existed between locations. The pooled va­
riety data were then regressed against air temperature re­
sulting in the following equations: 
85 Y=124.64-1.00X R2=0.25 
95 Y=178.32-1.67X R2=0.80 
105 y=160.58-1.39X R2=0.63 
115 Y=152.03-1.27X R2=0.39 
125 y=119.65-0.83X R2=0.39 
135 Y=147.91-1.21X R2=0.38 
Numbers to the left of the equation indicate variety or 
entry relative maturities in days, and Y is predicted value. 
The 1969 and 1970 silking to black layer, thus, indicated 
that filling period lengths decreased when air temperatures 
increased. Within locations, the slope of the linear 
regression between days filling and average air temperature 
varied greatly. 
To compare temperature effects on filling period lengths 
with planting to silking filling period lengths, the 1970 
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silking to black layer data were pooled and regressed across 
all locations and compared to the 1969 and 1970 planting to 
silking equation developed. The planting to silking and 
silking to black layer regression equations were: 
P-S Y = 232.30+0.19X1-3.04X4 RZ = 0.85 
S-BLM Y = 132.82+0.14X1-1.27X4 RZ = 0.61 
Y represented the predicted value. Filling period variety 
(XI) and temperature (X4) coefficients were significantly 
less than the pre-silking coefficients. Such a change in 
plant reaction was reasonable, since plant function is 
fundamentally different between the two periods. 
The location X planting date X variety interaction was 
relevant to agronomic situations. Means of the three repli­
cations of each location X planting date X variety data point 
are in Table 17. Hissing values are due to frost and 
animal damage. 
Varietal relative maturity affected the length of the 
silking to black layer maturity period. Variety 1 thru 6 
had, in order, filling periods of 49.9, 54.6, 59.4, 60.3, 
61.3, and 61.8 days in 1970 (note Figure 26). Figure 26 also 
shows how differing air temperatures can affect filling 
period lengths. Ames 1969 and 1970 filling period lengths 
differed for each variety. Temperature differences existing 
between the two years were large enough to cause this reac­
tion and were in logical sequence in that 1970 filling period 
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Table 17. Mean days from silking to black layer maturity 
(1970 data) » 
Site Planting Variety 
1 2 3 4 5 6 
1 1 48.3 56.0 56.0 59.7 56.0 61.0 
2 41.0 51.0 55.4 54.3 60.7 60.7 
3 47.3 51.3 55.6 55.0 6 3. 3 67. 3 
2 1 50.0 58.0 59.7 64.0 64. 3 
2 48.3 54. 3 57.0 65.0 60.7 64. 0 
3 48.7 46.7 59.7 62.7 59.7 59.7 
3 1 54.3 66.7 67.0 69.7 65.0 69.7 
2 52.0 65.0 66.7 65.7 66.0 
3 55.0 62.7 65.7 
4 1 53.0 54.7 58.3 69.7 67.0 
2 54.0 54. 3 63.7 69.2 
3 51.7 54.3 66.7 60.5 
5 1 48.7 55.0 55.7 56.7 58. 3 61.3 
2 51.5 50.0 54.0 52.7 58.0 54. 0 
3 45.0 46.7 51.7 50.7 59.7 55.7 
^Missing data were due to animal and frost damage. 
air temperatures were higher than 1969*s. 
Figure 27 further shows how air temperature differences 
can affect the filling period length of corn. Varieties 
grown in northern Iowa had longer filling periods than when 
grown in southern Iowa. Magnitude of this difference within 
varieties across locations in order of increasing relative 
maturity was 8.3, 14.5, 12.7, 14.3, 9.3, and 12.7 days. 
Third plantings of varieties 4, 5, and 6 did not mature 
at Sutherland and/or Garnavillo, thus the differences they 
exhibit are lower than compared to varieties 1,2, and 3. 
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Ames and Beaconsfield "days versus air temperature" patterns 
did not match or seem plausible. Ames temperatures were 
lower than Beaconsfield, but filling periods were longer at 
Beaconsfield. 
Planting x variety interaction was much more complex 
within locations in 1970 than in 1969. The 1969 tendency was 
for long season varieties to have shortened filling periods 
when planted later. Early season varieties reacted 
oppositely to planting dates. The within location planting 
date X variety interaction was more complicated in 1970 in 
that each variety exhibited different filling period lengths 
depending on the location in which it was raised. Later 
plantings consistently grew in cooler temperatures, but plant 
reaction varied from reduced filling period lengths to in­
creased lengths due to temperature changes. Data from Table 
17 indicates that this change was large (>± 8 days) in some 
cases. However, as the regressions indicated, each variety 
across locations tended to have increased filling period 
lengths when grown in cooler temperatures. 
Average days filling at each location in 1970 across va­
rieties and planting dates were 55.0, 57.3, 64.7, 60,8, and 
53.7 days for locations 1 thru 5. Temperature was associated 
the most with this difference in days from silking to black 
layer maturity. 
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Influence of climate on the length of the planting to 
black laver growth and development interval 
Correlation analyses were made on both the 1969 and 1970 
planting to black layer maturity interval of growth. Results 
of the analyses are in Tables 18 and 19. Every variable 
Table 18. Simple correlations of dependent and independent 
variables for the planting to black layer interval 
of growth (Ames, 1969) ^ 
Variable 1 2 3 4 5 6 7 8 
Days 1.00 
Entry 0.81 1-00 
Temp. 0.84 -0.45 1.00 
PAV1 0.86 0. 72 -0.36 1 .00 
PAV2 0.71 0.39 -0.93 0.90 1.00 
PAV3 0.03 -0.53 -0.49 0.15 0.54 1.00 
Daylth. -•0.65 -0.96 0.21 -0.56 -0. 18 0.72 1. 00 
Pd. 0.56 0.00 0.87 -0.54 -0.77 -0.78 -0. 24 1.00 
Rep. 0.00 0.00 -0.01 0.00 0.00 0.01 0. 00 0.00 
ir (.05) =0.29, and r(.01)=.37 with 45 d.f. 
listed had an important effect on maturity except total five 
feet plant available water. 
Longer season varieties needed more time to develop. 
Overall, increased average air temperature increased develop­
ment rates. Better top foot soil layers eere associated with 
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slower growth. As mentioned, though, the top foot of soil 
was more moist when temperatures were cooler. This implied 
that the positive correlation could be a result of tempera­
ture being dominant to plant development early and late in 
Table 19. Simple correlations of dependent and independent 
variables for the planting to black layer interval 
of growth (1970)% 
Variable 123456789 
Days 1.00 
Entry 0.74 1.00 
Temp. -0.68 -0.20 1.00 
Pav 1 -0.13 0.11 0.53 1 .00 
Pav2 -0.07 0.17 0.57 0.96 1.00 
Pav 3 -0.06 -0.02 0.03 0.24 0.21 1.00 
Daylth -0.59 -0.81 0.23 -0.17 -0.18 0. 12 1. 00 
?d. -0.52 -0. 11 0.36 0.21 0. 08 -0.02 -0. 43 1.00 
Loc -0. 16 1 o
 
o
 
0.38 0.69 0.57 0.05 0. 05 0.13 
ir(.05)=0.14, and r(. 01) =0.18 with 270 d.f. 
the crop season. Daylength was associated with days to 
maturity from planting. 
Later planting decreased the length of the planting to 
black layer interval of growth. Host of the decrease was due 
to the shortened planting to 50% silking interval of growth, 
since the decrease in the length of the silking to black 
layer interval was not consistent. As was shown, the length 
of the silking to black layer interval actually increased in 
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some cases. 
The 1970 planting to black layer interval of growth was 
correlated with most variables tested, except soil moisture 
variables. For all but the soil moisture variables, sign and 
magnitude of the coefficients were similar to their 1969 
counterparts at Ames. Soil moisture variables had much lower 
associations in 1970. It is not known what caused this, 
since a wide range of moistures were represented by the vari­
ous locations. It is felt that some of the soil moisture re­
actions between locations was masked by air temperature. 
Planting date correlation with days from planting to 
black layer in 1970 was similar to 1969's in that most of the 
effect of decreased days to maturation was due to shortening 
of the pre-silking period. As in 1969, phenological response 
to planting dates in the planting to black layer period was 
not consistent within varieties and locations. 
The 1969 planting to black layer maturity data from Ames 
were regressed against air temperature (XI) and top five foot 
plant available soil moisture (X2) for each variety. Results 
of the regressions are in Table 20. Response to temperature 
and soil moisture generally was large, but the coefficients 
varied widely. Much of this was due to the narrow range of 
air temperatures and soil moistures that the entries were ex­
posed to. 
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Table 20. Length of planting to black layer period of 
growth for varieties 1 thru 6 at Ames, 1969 
as a function of air temperature and soil moisture 
Variety Model: Rz 
1 Y= 457.28- 4.96X1 0.91 
1 Y=1314.43-13.65X1- 33.66X2 0,96 
2 Y= 666.39- 7.84X1 0.97 
2 Y= 464.47- 5.86X1+ 8.34X2 0,98 
3 Y= 751.76- 9.03X1 0.98 
3 Y= 899.75-10.49X1- 6.48X2 0.99 
4 Y= 936.05-11.67X1 0.97 
4 Y= 275.86- 5. 04X1+ 28.28X2 0.98 
5 Y=1256.16-16.32X1 0.98 
5 Y=5035.79-54.93X1-161.46X2 0.99 
6 Y=1005.52-12.62X1 0.99 
6 Y= 593.28- 8.44X1+ 17.89X2 0.99 
iX1=average air temperature, X2=average five feet 
available soil moisture. 
To obtain a wider range of environmental variables, the 
1969 Ames planting to black layer data were pooled. 
Screening regressions were then made on the data to see which 
variables were consistently producing effects. Varieties, 
temperatures, and top foot soil moisture all were entered and 
kept at the 5% probability level. The resulting equation de­
veloped was: 
Y = 1174.63 + 0.43 XI - 13.67 X2 - 111.79 X3 RZ = 0.97 
Y is predicted days from planting to black layer. 
For each days increase in relative maturity rating, 
around 0.40 days more were added to maturity requirements. 
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The temperature coefficient was large, but uninterpretable 
since temperature and variety terms were highly correlated. 
To avoid this problem, the 1970 planting to black layer data 
were regressed by variety against air temperature and plant 
available water in the top five feet. Within variety temper­
ature ranges were generally larger than in 1969 at Ames and 
more data were available to analyze. Table 21 shows the 
results obtained. Lowering the average air temperature 
Table 21. Regression of days from planting to black layer 
maturity on air temperature and soil moisture, 
1970 data 
Variety Model 1 
1 Y=365.51-3.58X1 0.64 
1 Y=366.53-3.56X1-0.43X2 0.65 
2 Y=457.31-4.75X1 0.75 
2 Y=454. 21-4.80X1 + 1. 19X2 0.77 
3 Y=395.37-3.79X1 0.68 
3 Y=396.14-3.77X1-0.33X2 0.69 
4 Y=467.05-4.74X1 0.65 
4 Y=463.83-4.62X1-0.96X2 0.66 
5 Y=438.55-4.19X1 0.66 
5 Y=450.55-4.27X1-1. 17X2 0.68 
6 Y=489.52-4.92X1 0.63 
6 y=509,04-5.10X1-1.23X2 0.65 
1 Variables in model are the same as those in Table 20. 
one 7°, in the range tested, increased the number of days 
needed to mature from 3.5 to 5 days. Soil moisture effects 
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were smaller. The general trend among 1970 data was that in­
creased soil moisture shortened the time needed to reach 
maturation. Variety 2 was an exception to the trend. 
Combined regressions of the 1970 planting to black layer 
data resulted in the following expressions: 
Ï = 376.00 + 0.60 XI - 4.U1 X2 P2 = 0.8% 
Y = 377.70 + 0.60 XI - 4.40 X2 - 0.41 X3 R2= 0.84 
Y was predicted days from planting to black layer 
maturity. XI, X2, and X3 were terms for variety, average air 
temperature, and average plant available water in the top 
five feet of soil, respectively- Soil moisture effects were 
small. For the range of soil moistures found usually in 
Iowa, one could expect from 2 to 4 days delay in saturation. 
Temperature effects on the days needed to mature were 
larger than planting to silking and silking to black layer 
air temperature effects. 
Table 22 shows the effects planting date and variety had 
on time needed to mature. Planting later in the season con­
sistently shortened the time needed by entries to mature at 
Ames in 1969. The average decreases in days developing due 
to planting were 9.4 and 9.8 days between the first and sec­
ond plantings and between the second and third plantings, re­
spectively. Delaying planting 29 days at Ames in 1969 
shortened the time plants needed to develop 19.2 days. 
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Table 22. Days from planting to black layer maturity 
(Ames, 1969) i 
Variety 
1 
Planting 
2 3 
1 
2 
3 
U 
5 
6 
122.  0  
133.3 
138. 7 
147. 0 
1 6 1 . 0  
159.0 
113.0 
125.7 
130.0 
136.0 
148.6 
148.3 
106.7 
114.7 
119.7 
125. 3 
136. 3 
^Variety 5-planting 3 was missing due to frost. 
Hybrid relative maturity ratings seemed correct except 
the rating given for variety 5. It had growing period 
lengths similar to variety 6. 
Table 23 lists the 1970 planting to black layer data. 
The dominant planting date effects was that later planting 
shortened the time that entries needed to mature. It was 
noticed that in northern Iowa, the crop season was not long 
enough for the long season varieties when planting was de­
layed. Size of the planting date effect on days needed to 
mature depended on variety and location. In some cases, 
later plantings needed more days to reach maturity than early 
plantings. 
Within variety variation of days needed to mature was 
large across locations. Shaw and Thorn (88 and 89) have found 
this to true also. The general phenological pattern was as-
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Table 23. Days from planting to black layer maturity 
(1970) 1 
Site Planting 
1 2 
Variety 
3 4 5 6 
1 1 114.0 127.3 131.0 138.7 149.0 150.0 
2 101.7 1 17.0 126.0 126.0 143.3 141.7 
3 99.0 106.0 115.0 116.0 138.0 136.3 
2 1 1 14.3 126.7 132.0 150.7 150.7 
2 103.0 1 14.0 122.0 135.0 143.0 143.0 
3 103.3 105.0 121.0 127.7 132.0 131.0 
3 1 125.3 141.0 145.0 151.3 157.0 160.0 
2 109.7 125.0 131.7 135.0 142.0 141.7 
3 111.3 122.0 128.0 
4 1 122.3 130.0 138.0 152.0 162.0 
2 111.0 1 14.3 128.7 130.7 
3 106.0 1 12.3 129. 3 126.0 
5 1 110.7 118.3 123.7 127.7 140.0 141.7 
2 103.7 106.0 113. 3 113.0 128.7 123.7 
3 96.0 100.7 111.0 112.0 130.3 123.0 
1 Some plots were missing due to frost and animal damage 
sociated with air temperature isotherms. 
Longer season varieties took as much as 42 days more 
than short season varieties to reach black layer maturity. 
Part of the increased number of days needed to reach 
maturation was due to the fact that the longer season varie­
ties were, on the whole, grown in cooler temperatures. Aver­
age within variety differences in days from planting to black 
layer for each location were 38.3, 34,4, 33.5, 40.0, and 30.1 
days, locations 1 thru 5 respectively. 
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Comparisons of Some Indices of 2ea mays L. 
Growth and Development 
Indices evaluated 
The phenological data collected were used to compare 
several summation indices of growth and development. The 
indices examined included: 
1. Days in the period 
2. GDU40 = ((max + min.)/2) - 40°? = 0.0 if < 0.0 
max. = maximum daily air temperature, °F 
= 860F if >86°? 
min. = minimum daily air temperature, °F 
= UOOp if <ao°F 
3. GDU45 = ((max. + min.)/2) - 450F = 0.0 if < 0.0 
max. = Same as in GDU40 
min. = 450F if < WS^F 
4. GDO50 = ((max. + min.)/2) - 50*? = 0.0 if < 0.0 
5. HBGDU = ((max. + min.)/2) - 50»? = 0.0 if <0.0 
max. = 86.OOf if > 86.0°? 
min. = 50.0®F if < 50.0®F 
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6. Newman GDU = ((max. + min.)/2.0) - 50.0°? 
= (((max. + min.)/2.0)-50. 0°F)-
(max.-90.0°?) if max 
90.0OF and GDU > 30.0 
= ( ( (max. + min.)/2, 0)-50.0®F) + 
(max.-65.0°?) if max 
65.0°? and GDO < or = 5.0 
7. Brown GDO= (Y+1. 85X-0.026X )/2.0 = 0.0 if <0.0 
Y = min. - WO.Oop = 0.0 if < 40.0°? 
I = max. = 50.0°? 
8. Physiological GDa=(0.59X+0.0019X^-0.OU6I2-0.000027X* 
-2.8) /2. 95 
X= (max. + min.)/2.0, where max and min. are in C° 
The "day" index was studied because in the past, it is 
basically what has been used most. The thermal indices with 
bases of 40 ^^ad 45° F were used because analyses of the 
planting to silking data revealed that the base temperature 
could possibly be 40 or U5® F. When all data were included 
in the analysis, the base temperature (temperature at which 
no growth occurred calculated by the "X-intercept" method, 
Arnold (9)) was 40° F, with large variation due to variety 
differences. In an attempt to rectify that problem, the data 
of days from planting to silking were transformed to reflect 
leaves grown per day. The 1970 Washington leaf numbers were 
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not counted so these data were missing. Whether a conse­
quence of transformation or missing data, the base tempera­
ture for the transformed data was 45°?. In both the 40 or 
U5°F cases, the "X-intercept" method of determining base tem­
peratures was weak in that.the base temperatures were both 
out of the range of the regression. Both temperatures have 
been used as bases for calculating GDD sums by other 
researchers. 
The other thermal indices tested were selected because 
other researchers ((47),(25), (74)) have compared them in the 
past using other techniques. The physiological index used 
was similar in functional relationship to that used by 
Gilmore and Rogers (47). However, Lehenbauer's (60) data 
were not used. Instead, an elongation curve developed by 
Blacklow (21) was used to evaluate the "relative" growth 
value of each day's thermal properties. 
Daily values of each index were calculated and summa­
tions were made of these values for planting to emergence, 
planting to tasseling, planting to silking, planting to black 
layer, and silking to black layer intervals of growth. 
Planting, tasseling, and silking dates were known for most 
all data points in the experiment. Thus, most statistical 
comparisons of indices were made on the planting to silking 
data. 
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Methodology of statistical comparisons 
An analysis of variance was made on data sites that were 
nearly complete. Relative size of the components of variance 
were then compared among indicies, which avoided much of the 
many of the comparison technique problems one faces when 
using C.V.'s. For data that were not complete, due to frost, 
animals, etc., index values were converted to day equivalents 
so that the thermal indices could be compared to days 
accumulating in any interval and with each other. 
Index comparisons for the planting to silking interval 
Planting to silking data were essentially complete, thus 
the most thorough comparisons were made on these data. Loca­
tion - 5, year -69, variety-4, planting-2, replication-3 was 
missing, so it was used as a covariant and values for it es­
timated. Table 8 contained the basic information on the 
"days" index, but the "days" index is included again for com­
parison purposes. Table 24 lists the results of the 8 
separate analysis. F (d.f.) is the degrees of freedom that 
is appropriate to test each mean square against. Steel and 
Torrie (94) . A, B, and D components were treated as random 
effects. F was fixed. The symbols * and ** are the 5 and 1% 
levels, respectively. 
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Table 24. Analysis of covariance of indices of growth 
for the planting to silking data 
Source* df F(df) 
1 2 3 
Indexz 
4 5 6 7 a 
A 4 5/7 * 
B 1 1/6 ** 
AB 4 4/8 ** * ** ** ** ** ** 
Error a 20 
D 2 2/5 ** ** * ** 
AD 8 8/8 
BD 2 2/8 
ABD 8 8/40 ** ** ** ** ** ** ** ** 
Error b 40 
F 5 5/2 3 ** ** ** ** ** ** ** ** 
AF 20 38/41 
BF 5 8/3 0 * 
DF 10 23/32 
ABF 20 20/40 * * * ** ** ** * 
ADF 40 40/40 * 
BDF 10 10/40 
ABDF 40 40/299 ** ** ** ** ** ** ** ** 
Error c 299 
^Sources are the same as those in Table 8. 
^Indices are; 1=days; 2=GDII40; 3=GDIJ45; 4=GDD50; 5=WBGD0; 
5=Newman; 7=Brown; and 8=physiological GDU. 
The most drastic difference in significance was due to 
differences between days as an index and thermal indices of 
growth. Locations and years took different numbers of days 
to reach silking, but not different growing degree unit sums. 
Location X year interaction was more important to thermal 
indices sums than the "days" index. Time to a stage of de­
velopment tended to respond in the same way across years 
among locations, whereas thermal index sums did not. 
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Planting dates caused real differences in "days", GDU40, 
Heather Bureau, and Brown index summations. "Days" summa­
tions were expected to be different, but thermal index sums 
were not. Apparently, some thermal indicies accounted for 
planting dates better than others. 
Every index tested had significant location X year X 
planting date, variety, and location X year X planting date X 
variety variances. Thus, one can't expect varieties of vary­
ing maturity to react similarly due to varying planting 
dates, years, and locations. 
Components of variance were then examined because it was 
felt that indices of growth that put a greater share of vari­
ation in the variety term accounted for more environmental 
variation. Table 25 lists these results obtained for each 
index. Main effects can be compared by examining Figures 
28, 29, 30, and 31. 
All thermal indices had a great percentage of variation 
in the variety components, whereas <10% of the variation was 
accounted for by varieties using days as an index. Per cent 
of variation in the variety component among thermal indices 
ranged from 38% to 55%. Brown, Weather Bureau, and GDU40 
indices all had variety components that explained <50% of 
variation in sums of each index. Direct tests of the vari­
ances to see if they differed were not made. 
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Figure 28. Percent of variation coming 
from the location component 
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Figure 29. Percent of variation coming 
from the year component 
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Figure 30. Percent of variation coming 
from the planting date 
component 
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Figure 31 Percent of variation coming 
from the variety 
component 
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Table 25. Relative size of components of variation of 
planting to silking data in percent 
Source! Index 
12 3 4 5 
A 10.1 0.4 0.8 13. 1 4.4 10. 8 1.0 8.5 
B 25.0 9.0 1.4 0.0 0.0 0.0 4.6 0.0 
AB 2.9 15.4 19. 1 19,8 20.6 18.0 16.7 20.7 
Error a 0. U 1.9 2.4 2.0 1.9 2.0 1.4 2.4 
D 46.4 19.7 8.4 0.0 10.4 0.0 29, 1 0.0 
AD 0.0 0.6 1.1 1.7 1.5 1.7 0.0 1.9 
BD 0.0 0.0 0.8 1.7 0.0 4.3 0. 0 3.3 
ABD 4.9 6.9 7.6 6.4 8.0 8.7 7, 1 5. 9 
Error b 0. 3 1.4 1.7 1.8 1.8 1.8 1.3 1.7 
F 9.7 43.2 54.3 51.4 49.5 50.8 37.6 53.5 
AF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
BF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
DF 0.0 0. 1 0. 1 0. 1 0.0 0.2 0.0 0.2 
ABF 0. 1 0.2 0.3 0.5 0.4 0.5 0.2 0.3 
ADF 0. 1 0. 1 0.0 0.0 0.2 0.3 0. 0 0.2 
BDF 0.0 0.1 0.3 0.0 0.0 0.0 0.0 0.0 
ABDF 0.3 0.4 0.4 0.5 0.4 0. 3 0.4 0.3 
Error c 0. 1 0.6 0.8 0.7 0.8 0.9 0.5 0.9 
^Sources and indices are the same as those used in Table 24. 
Planting date components over all indices tested were 
largest for days as an index. All thermal indices had 
smaller planting date components, but some were significant. 
The significant planting date components were found in GDCJ40, 
Weather Bureau, and Brown's thermal indices. The GD0U5 
planting date components seem larger than the GDU50, Newman, 
and physiological indices planting date components, but were 
not tested. 
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Year components of variation were quite small, 2.0%, for 
several thermal indices. The GDU40 and Brown indices both 
had larger than expected year components. Between 1969 and 
1970, the average time to silking made up 25% of the varia­
tion in the day sums. Location components were not signifi­
cant except for days as an index. However, some of the 
thermal indices had location variance components which were 
larger than day index sums, but were not significant because 
of larger location X year components. 
Frcm comparisons of the main effects of the experiment 
one can see that the overall performance of the G.D.D.45 and 
physiological thermal indices were best of the thermal 
indices tested. All thermal indices accounted for more main 
effects than day suras. A great percentage of environmental 
variation was accounted for by all the thermal indices, be­
cause entry sums of squares made up a larger share of the 
variation. 
Unfortunately, every thermal index tested had the disad­
vantage of having significant (.05) location X year interac­
tion. Analysis of days in the planting to silking period did 
not detect such a reaction with that particular index. Data 
from Table 25 indicates that location X year accounted for 
only around 3% of the variation in the day sums. The same 
component of variation made up from 15 to 21% of the variance 
in the thermal sums. 
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The location X year interaction nature is compared in 
Figures 32 and 33. More days were needed fay the corn to 
reach silking in 1969 than in 1970 at every location studied. 
This was not true for thermal sums. Ames took less G.D.U.'s 
to reach silking in 1959 than in 1970. The reverse was true 
of the other locations between the two years. Greatest dif­
ferences in days to silking within locations due to years was 
19 days. The same differences in thermal sums (expressed in 
day equivalents) were around 9 days. 
Differences in the thermal sums, thus, tended to be 
smaller. The author feels that in some years with good 
growing conditions, thermal sums will tend to be less vari­
able across locations, such as in 1970. Not all thermal 
indices would be as equally effective in reducing location X 
year interaction, as shown by analysis of the data. 
Index comparisons for the silking to black layer 
development interval 
Data from varieties with relative maturities of 105 and 
115 days relative maturities were used to compare effective­
ness of growth summation indices for the silking to black 
layer interval of growth. The data used in the comparisons 
were from all five locations and were collected in 1970. 
Variance analysis of each index for this interval of 
growth detected some significant results. Table 26. Overall, 
1969 
to -J 
I-
O 
1970 
LOCATION X YEAR MEANS 
2 4 3 5 
LOCATION 
Figure 32. Location x year effect on 
days from planting to 50% 
silking 
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2 1700 
D 
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1600 
LOCATION X YEAR MEANS 
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LOCATION 
Figure 33 Location x year effect on 
GD040'3 accumulating from 
planting to 50% silking 
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there was a large difference between days as an index 
Table 26. Comparisons of some indices of growth for the 
silking to black layer maturity interval of growth 
Source! Index 
1 2 3 4 5 6 7 8 
A * * * 
Error a 
D ** ** ** * ** ** ** 
AD ** ** ** 
Error b 
F ** * ** 
AF * * * * 
DF * 
ADF * 
Error c 
iA=environments, D=planting date, F=varieties, 
*=5% level, and **=1% level. 
and the thermal indices tested. Interaction of varieties 
with locations and planting dates was more important when 
using days as an index than when using thermal indices. 
The two varieties used did not represent a wide range of 
relative maturities. Consequently, days from silking to 
black layer maturity were not significant. Three thermal 
indices detected significant variety effects, even though 
the two varieties did not differ much in relative maturity 
ratings. 
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Thermal indices tested showed that the sum of heat 
units accumulating between silking and black layer were not 
the same across planting dates. Usually, later plantings had 
smaller heat unit accumulations than early ones. Differences 
in days accumulating were not significant but if a wider 
range of varieties and years had been used, it is felt that 
differences in filling lengths due to planting dates would 
have existed. 
Environments caused the length of the filling period to 
change. However, five thermal indices did account for 
enough environmental variation to reduce the variation of the 
thermal sums across environments below the 555 level. 
Thermal indices did not characterize the filling period 
as well as they characterized the planting to silking period. 
Environmental effects, especially from planting dates, were 
larger and less predictable than for the presilking period. 
Some of the larger environmental effects were due to larger 
black layer sampling error compared to sampling error associ­
ated with silking measurements. The trend in smaller heat 
unit accumulations due to planting date could have been re­
lated to sink size. The 1969 data at Ames indicated that 
later plantings had smaller and lighter weight kernels. Heat 
unit sums between plantings would be less variable if one 
accounted for kernel size differences. 
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Index comparisons for the planting to black layer 
growth and development interval 
Comparisons of growth indices from planting to silking 
and from silking to fclack layer maturity indicated that 
thermal indices worked best for the presilking interval of 
growth. However, three thermal indices had significant va­
riety components for the silking to black layer interval of 
growth. The author, therefore, decided to limit comparisons 
of growth indices of the planting to black layer interval of 
growth to comparisons of days, GDUUO, GD0U5, and physiologi­
cal indices. 
Results of analysis of variance made on the planting to 
black layer data of the four selected growth indices are in 
Table 27. Two thermal indices, GDU40 and GDU45, 
had insignificant environmental components. The days index 
and physiological thermal index had significant environmental 
components of variance. Planting date X variety interaction 
of thermal sums was less when using the planting to black 
layer data. 
All the indices tested were similar in that planting 
dates and environment X planting date caused significant dif­
ferences in the sums of days and thermal units in the 
planting to black layer interval growth and development. 
#4 
Table 27. Comparisons of some indicies of growth for the 
planting to black layer interval of growth 
Source^ Index 
1 2 3 8 
A ** *  
Error a 
C ** ** ** ** 
AC ** ** *  ** 
Error b 
D ** ** ** »* 
AD * *  *  *  
CD * 
ACD 
Error c 
iA=envlronments, C=planting date, D=varieties, 
*=5% significance, and **=1% significance level 
Days from planting to black layer for later plantings 
were always less than the days to black layer for the early 
plantings at all locations examined. Thermal sums for later 
plantings were not consistently smaller than the thermal sums 
of corn from early plantings within locations. 
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SUMMARY 
The main purposes of this study were to examine the in­
fluences on and to compare climatic indices of Zea mays L. 
growth and development. 
Past studies have shown that weather does affect corn 
growth and development. It has also shown that the relative 
importance of any one environmental resource to growth 
changes with age of the corn plant, especially at silking. 
Temperature, soil moisture, and light climatic resources were 
often found to be correlated with rate of growth and develop­
ment. 
A review of past literature of studies relating to 
indexing a climate's resources and crop requirements showed 
that thermal indices have been researched more thoroughly 
than moisture or light indices. 
Phenological data were collected from corn grown in 1969 
and 1970. The data consisted of dates of occurrence of 
coleoptile, leaf, tassel, and silk emergence, 3035 kernel 
moisture, and kernel black layer maturity. Air temperatures, 
soil temperatures, and precipitation were measured. Soil 
moisture was estimated. 
Six entries were used to obtain genetic variation. They 
were selected mainly on the basis of their relative maturity 
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ratings, which ranged from 85 to 135 days. Sites were chosed 
to obtain a wide range of Iowa thermal and moisture environ­
ments. Plantings were made from late April to late Hay each 
year to obtain further environmental variation. 
Days from planting to 75% emergence depended mainly on 
location and time of planting. Variety influences were not 
nearly as large. Physical conditions of the soil, such as 
mechanical compaction, caused days to emerge to change as 
much as location, planting date, and variety sources of vari­
ation did. Mean days to emergence at location 1 thru 5 
(Ames, Beaconsfield, Garaavillo, Sutherland, and Washington) 
were 10.2, 7.6, 10.3, 10,5, and 8,9 days. Corn planted early 
to late in the season took 13,2, 10,1, and 6.7 days to 
emerge. From the general measurements made on the soil envi­
ronment, emergence rate patterns were related to the thermal 
conditions. 
Location, year, planting date, and variety all affected 
the time needed by corn to silk. Interaction of these compo­
nents were significant, especially, when location and year 
were in the interaction term. Regression of the days to 
silking from planting indicated that 87% of the variation was 
accounted for, if one knew the variety's relative maturity 
rating, mean air temperature it would be raised in, and mean 
top five feet available soil moisture. 
147 
Using the types of varieties and environments as in this 
experiment, one could expect corn to take 72.2 days to reach 
50% silking from planting. Mean days to silking for loca­
tions 1 thru 5 were 72.7, 72.3, 77.1, 77.8, and 67,5 days-
Yearly means were 77.3 and 69.6 days for 1969 and 1970, 
Plantings had means of 81.7, 72.0, and 66.7 days from 
planting to silking. Similar means across varieties were 
63.2, 66.8, 70.9, 72.9, 84.6, and 82.6 days to silking. 
Days from silking to black layer maturity varied with 
location, planting dates, and varieties. Mean days to black 
layer from silking within locations were 55.0, 57.3, 64.7, 
60.8, and 53.7 days for locations 1 thru 5, respectively. 
Means for the northern locations (64.7 and 60.8) were biased 
and were low in that some of the longer season varieties did 
not mature. Thermal patterns were associated with these lo­
cation differences. 
Planting date means (from Ames, 1969) were 60.4, 59.4, 
and 56.7 days from silking to black layer- This is opposite 
to what Daynard (35) found in Canada-
Air temperatures declined for the first through third 
plantings in the planting to black layer growth interval. 
Planting date I variety interaction showed that individual 
varieties would not necessarily have reduced filling period 
lengths due to later planting. In fact, the 1970 data indi­
cated that individual varieties could react oppositely to 
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planting date effects depending on the site in which it is 
grown. This type of interaction was much more important for 
the silking to black layer interval of growth than it was to 
the planting to silking interval of growth. Across plantings 
within any variety, filling period length increased, remained 
about the same, and/or decreased depending on location X va­
riety X planting date interaction. 
Average air temperature and/or soil moisture patterns 
did not coincide in a logical way with the phenological pat­
tern that the corn developed. The author feels that days 
from silking to black layer are related to sink capacity of 
the ear of corn. The 1969 Ames data indicated that later 
plantings had smaller kernels and needed less time to mature. 
Temperature and/or moisture stress occurring near silking 
could possibly cause sink capacity to vary enough to obscure 
average temperature and moisture effects on filling period 
lengths. 
Between the two growth intervals (planting to silking 
and silking to black layer), temperature, soil moisture, and 
varietal effects were larger for the presilking period. The 
same can be said of planting date and year effects. 
Days from planting to black layer patterns were nearly 
like the planting to silking patterns in that their location, 
year, planting date, and variety trends were similar. Aver­
age days to black layer from planting at each location were 
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125.0, 125.8, 132.6, 126.8, and 118.0 days for locations 1 
thru 5. Northern site averages are biased low in that later 
plantings of the longer season varieties did not mature. Av­
erages of each planting were 136.0, 123.9, and 117.8 days to 
black layer maturity. Varietal planting to black layer means 
were 108.a, 116.9, 126.0, 130.2, 143.0, and 140.3 days for 
varieties 1 thru 6. 
All growth and development indices compared had less 
interaction for the presilking growth stages. Most thermal 
indices of growth compared accounted for more location, year, 
and environmental effects than did "days" as an index. Con­
sistently, thermal indices had more variation in their 
varietal components than did "days". Interactions were 
larger for the thermal indices than for days, as a general 
rule no matter what interval of growth was examined. In some 
situations, means of heat sums accumulating from one stage of 
development to another varied little i.e. the 1970 location 
GDU sum means for the planting to silking interval of growth. 
Examination of GDO sums for the planting to silking, 
silking to black layer, and planting to black layer growth 
intervals revealed that the GDU45 thermal index gave the best 
results. Arnold (9) found that a base very close to 45®F, 
(44°?) , indexed sweet corn vegetative development best. More 
main effects were accounted for using the GDU45 index during 
vegetative growth. The GDG45 thermal index did not work such 
150 
better than any other thermal indices tested for the silking 
to black layer and planting to black layer growth intervals. 
Analysis of the silking and/or planting to silking 
growth intervals showed that if one were wanting to charac­
terize a variety's phenological characteristics, such as 
filling period lengths and thermal unit requirements, the 
results should not be based on data from one planting. 
Thermal planting date sums were signficantly different for 
every index tested. The author feels that much of the dif­
ference in heat unit sums from different planting dates was 
not caused by using wrong base temperatures. Instead, much 
of the variation came from inadequate maturity sampling 
technique. Black layer sampling did not account for sink 
capacity differences. Therefore, thermal sums accumulating 
to black layer should be different if different amounts of 
dry matter are being produced by the different plantings. If 
heat units are related to energy needed for the corn to grow, 
it is illogical that the GDU sums accumulating from one stage 
of development to another would be of the same magnitude. 
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APPENDIX 
Climatic Conditions 
Table A 1.1. Normal weekly air temperaturesi 
Weekz Location 
12 3 4 
08 52.878 54.840 50.738 50.240 54.284 
09 55.626 56.746 54.336 52.913 56.984 
10 56.586 58.744 54.224 55.003 58.433 
11 59.771 60.670 57.619 57.274 60.284 
12 61.578 63.019 59.395 59.741 62.717 
13 64.267 65.205 61.669 62.375 64.903 
1U 66.545 67.742 65.381 65.021 68.262 
15 68.445 70.281 66.274 66.813 70.388 
16 69.714 70.779 68.033 68.356 70.303 
17 72.078 72.775 70.148 70.283 73.280 
18 72.355 74.212 69.774 71.557 74.112 
19 73.262 74.722 70.843 72.498 74.387 
20 73.733 75.345 71.624 72.919 75.136 
21 74.490 76.131 72.814 73.864 75.723 
22 74.600 76.949 73.040 74.062 76.499 
23 73.259 75.469 71.055 73.126 75.218 
24 71.921 73.698 70.467 71.455 73.463 
25 70.924 72.460 68.626 70.348 72.452 
26 71.014 72.695 69.545 70.210 72.626 
27 68.264 70.961 67.340 68.025 71.267 
28 64.945 67.656 62. 864 64.161 67.256 
29 63.767 65.895 61.926 62.457 65.972 
30 59.269 61.858 56.131 58.090 61.481 
31 57.895 59.968 55.628 55.952 59.615 
32 56.255 58.355 53.812 54.649 57.983 
33 55.438 57.426 52.736 54.006 57.129 
34 51.221 53.833 48.486 50.059 53.297 
35 47.814 49.826 45.214 45.949 49.609 
1 Normals were calculated from March 1, 1940 to 
February 28, 1970. 
zgeeks in this table and following tables are climatic weeks. 
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Table Al.2 Average 1969 weekly air temperatures 
Climatic Location 
Week 1 2 3 ^ 
8 51.286 52.286 50.U29 53.500 52.857 
9 55.429 55.571 55.286 53.857 57.286 
10 62.500 63.786 63.071 62.214 65.786 
11 58.929 59.357 55.857 60,714 58.429 
12 54.071 54.857 53.571 53.643 56.929 
13 71.857 69.071 67.857 72.143 70.571 
14 64.500 65.429 58.643 66.286 64.857 
15 61.714 65.857 61.429 62.357 67.071 
16 65.000 64.357 62.571 63.286 68.286 
17 68.714 66.571 65.143 65.071 70.714 
18 71.500 74.143 70.000 70.071 75.571 
19 71.643 76.500 72.071 73.071 74.071 
20 81.000 81.714 77.857 82.643 81.429 
21 71.857 75.500 72.429 72.714 77.214 
22 72.071 72.214 71.000 70.571 75.357 
23 71.000 74.857 71.786 73.429 74.143 
24 71.714 74.286 72.500 74.500 75.143 
25 72.571 73.429 73.500 71.714 76.143 
26 69.857 72.929 72.500 73.357 74.071 
27 69.571 70.857 72.214 69.357 74.143 
28 63.429 65.000 63.786 65.214 66.786 
29 65.000 65.571 64.857 65.929 68.643 
30 59.071 62.000 58.857 60.214 62.857 
31 62.357 67.071 62.214 63.214 67.857 
32 59.000 60.286 60.071 58.143 62.857 
33 42. 143 43.786 43.071 38.857 46.929 
34 46.571 49.786 44.286 46.429 50.857 
35 40.571 41.643 38.143 39.000 42.929 
16U 
Table Al.3 Average 1970 weekly air temperatures 
Climatic 
Week 1 2 
Location 
3 4 5 
8 51. 429 51.429 49.071 47.000 55.643 
9 60. 857 63.214 69.286 57.571 68.571 
10 60. 571 63.357 59.000 60.500 63.786 
11 62. 286 63.071 57.214 53.500 64.857 
12 70. 000 70.786 68.500 70.643 72. 286 
13 67. 500 66.571 61.143 66.000 70.714 
14 66. 286 64.571 65-357 65.000 67.000 
15 72. 929 71.786 73.571 73.500 74.714 
16 72. 429 73.643 68.714 70.786 73.929 
17 68. 500 68.571 65.714 69.429 69.929 
18 79. 500 77.714 76.857 77.286 79.857 
19 69. 500 71.929 70.000 71.000 73.643 
20 76. 500 78.071 75.643 74.929 80.143 
21 66. 714 69.143 66.857 66.429 70.000 
22 78. 357 83.286 76.786 76.714 82.357 
23 70. 357 75.643 69.714 67,286 72.357 
24 73. 357 74.000 73.643 73.571 75.714 
25 70. 143 71.786 69.786 69.500 73.857 
26 70. 786 72.286 71.786 73.714 74.071 
27 73. 071 73.714 70.143 70.929 74.929 
28 67. 214 69.071 66.643 64.071 71.071 
29 55. 429 59.214 56.857 52.857 61.000 
30 64. 929 63.286 63.500 56.929 67.286 
31 59. 214 59.643 55.214 56.286 61.500 
32 56. 571 56.143 58.429 47.857 6 1.714 
33 46. 500 48.500 46.071 43. 357 51.214 
34 54, 214 54 .500 52.286 52.214 55.929 
35 45. 429 47.000 47.786 43.000 49.857 
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Table Al.4. Normal weekly GDU sums 
Week 
08 
09 
10  
11 
12 
13 
1U 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
c Location 
1 2 3 4 5 
54.0 65.5 49.0 48.5 62.0 
66.0 73.0 61.0 59.5 74.0 
74.0 82.0 66.0 64.S 79.5 
80.0 90.0 72.0 74.0 87.5 
92.0 101.0 85.0 84.5 99.5 
103.0 1 14.0 94.0 97.5 111.0 
116.0 124.0 108.0 108.5 126.5 
126.0 1 40.0 120.0 120.0 140.0 
136.0 142.5 125.0 127.5 141.5 
147.0 154.5 135.0 140.0 157.0 
155.0 164.5 143.0 148.5 163.0 
156.0 165.0 143.0 151.5 162. 5 
162.0 169.5 151.0 156.0 168.0 
160.0 169.5 148.0 156.5 167.0 
166.0 175.0 155.0 161.0 172.5 
159.0 1 70.0 148.0 154.0 166.0 
150.0 160.0 139.0 146.5 157.0 
145.0 153.5 134.0 139.0 152. 5 
142.0 152.5 135.0 140.5 151.5 
134.0 145.0 125.0 127.5 144.5 
113.0 126.0 106.0 105.5 122.5 
99.0 113.0 94.0 92.5 113.0 
85.0 95.5 76.0 74.0 93.5 
77.0 87.5 69.0 68.0 83.5 
70.0 79.5 62.0 62.0 77.5 
69.0 77.0 60.0 62.5 74.0 
53.0 61.5 44.0 47.5 57.5 
38.0 45.5 30.0 33.5 41.5 
166 
Table Al.5. Weekly 1969 growing degree unit accumulations 
Climatic Location 
Week 12 3 
8 52.5 
9  6 1 . 0  
10 9U.5 
11 86.5 
12 %7.0 
13 148.5 
lU 112.5 
15 92.5 
16 110.0  
17 131.0 
18 146.5 
19 149.5 
20 198.5 
21 151.0 
22 149.0 
23 141.5 
24 151.0 
25 156.0 
26 137.5 
27 137.5 
28 105.0 
29 106.0 
30 88.5 
31 103.0 
32 89.0 
33 8.0 
34 26.0 
35 8.0 
54.5 53.0 
61 .0 64.5 
103.0 97.0 
83.5 73.0 
46.5 49.5 
1 36.5 127.5 
119.5 78.0 
1 13.0 93.0 
105.0 96.0 
120.5 109.5 
165.5 136.0 
1 81.0 150.0 
204.5 186.5 
177.0 157.0 
154.0 146.5 
1 68.0 148.5 
167.0 154.0 
1 63.0 161.0 
159.0 148.5 
145.5 147.5 
108.5 108.5 
109.0 110.5 
91.5 83.0 
1 19.5 95.5 
85.0 88. 5 
15.0 12.5 
33.5 22.0 
11.0 1.5 
63.5 56. 0 
57.0 73. 5 
95.0 114. 5 
94.0 79. 0 
45.5 64. 5 
147.5 145. 5 
118.5 110. 5 
94.0 122. 5 
103.5 125. 5 
105.5 141. 0 
140.5 168. 5 
157.5 163. 5 
203.0 200. 5 
156.5 188. 0 
142.0 173. 5 
157.5 162. 5 
165.0 171. 0 
150.5 177. 0 
160.5 163. 5 
134.0 164. 5 
109.5 124. 0 
112.5 130. 5 
87.5 100. 5 
101.0 127. 0 
84.0 98. 5 
7.0 20. 0 
24.5 48. 0 
3.5 9. 0 
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Table Al.6. Weekly 1970 growing degree unit accumulations 
Climati Location 
Week 1 2 3 4 5 
8 56.0 54.0 49.5 39.0 68. 0 
9 92.5 106.5 134.0 84.0 138.0 
10 98.5 97.0 82.5 91.5 104.5 
11 89.0 98.0 62.0 43.5 107.5 
12 142.0 145.5 134.0 141.0 154.0 
13 127.5 1 18.5 89.5 119.5 145. 0 
1U 114.0 102.0 109.5 105.0 119. 5 
15 157.0 152.5 165.0 157.0 171.0 
16 151.5 163.5 134.0 144.0 164.0 
17 129.5 130.0 111.0 131.5 139. 5 
18 184.5 176.5 169.5 170.5 187.5 
19 135.0 152.0 138.5 144.5 159. 5 
20 171.5 179.5 177.5 162.5 186.5 
21 117.0 1 31 .5 118.0 116.0 138.0 
22 188.5 201.5 182.5 174.0 196.5 
23 141.0 174.0 136.5 120.0 154.0 
24 162.5 164.5 163.5 157.5 176.5 
25 141.5 1 51.0 138.0 134.0 161.5 
26 143.5 153.0 143.5 151.5 163.0 
27 159.5 165.0 141.0 144.0 172.5 
28 122.5 134.0 119.0 102.5 146.5 
29 48.5 70.0 55.0 46.5 80.0 
30 105.5 98.5 100.5 67.0 120. 5 
31 92.5 86.0 71.5 79.5 95.0 
32 80.0 73.0 84.5 53.0 101.5 
33 25.0 31.0 28.0 16.5 44. 5 
34 51.0 48.5 44.5 47.0 58.5 
35 20.0 23.0 26.0 16.5 30.5 
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Table Al.7. Weekly amounts of precipitation in the 1969 crop 
season 
Climatic Location 
Week 1 2 3 4 5 
08 00.22 0.04 0.09 0.03 0.00 
09 00.98 2.17 1.18 0.71 0.84 
10 01.05 2.41 1.23 0.96 1.51 
11 00.22 0.11 0.11 1.88 0.71 
12 01.59 2.26 1.90 1.13 0.71 
13 00.02 0.00 0.22 0.08 0.00 
1U 00.01 0.00 0.92 0.00 0.41 
15 03.05 3.87 2.91 1.33 1.97 
16 00.12 0.00 0.00 0.00 0.03 
17 02.57 1.62 3.07 4.12 2.57 
18 02.61 1 .72 2.00 1.45 2.02 
19 02.85 4.01 1.36 2. 17 2.22 
20 00.19 2.74 1.02 0.33 2.28 
21 00.26 0.00 0.63 1.12 0.10 
22 02.01 0.12 0.31 0.76 0.40 
23 00.19 0.09 0.05 1.72 0.20 
24 01.10 0.53 0.10 0.00 2.30 
25 00.01 1.49 0.00 0.27 1.25 
26 00.00 0.00 0.00 0.00 0.00 
27 00.40 1.03 1.37 2.98 0.03 
28 02.30 0.98 0.07 0.54 1.10 
29 02. 10 0. 17 0.52 0.05 0.36 
30 00.29 0.22 0.34 0.22 0. 16 
31 00.31 0.07 0.67 0.21 1.27 
32 00.65 0.31 0.11 0.29 0.37 
33 01.21 1.54 1.74 0.84 1.81 
34 00.00 0.50 0.51 0.00 0.87 
35 01.08 1.70 0.64 2.25 0.60 
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Table Al.8. Weekly amounts of precipitation in the 1970 crop 
season 
Climatic Location 
Week 1 2 3 4 5 
08 00.29 0.30 0.86 0.58 0.36 
09 00.26 0.82 0.30 0.42 0. 27 
10 00.09 0.84 0.03 0.00 0.00 
11 05.43 2.34 3.27 2.10 2.23 
12 01.10 0.11 1.01 0.08 0.03 
13 00.91 0.60 2.91 1.18 1.10 
14 00.35 0.55 0. 87 0.07 2. 1 3 
15 01.22 1.16 1.26 0.78 0.96 
16 00.97 0.80 0. 31 0.65 2.27 
17 00.10 0.00 1.02 0.00 1.45 
18 00.24 0.00 0.08 0.08 0.40 
19 00.05 0.00 0.00 0.21 0.00 
20 06.14 1.06 1. 12 0.84 1.77 
21 02.00 0.02 0.70 0.00 1.71 
22 03. 16 0.17 4.03 0. 11 1.47 
23 04.58 6.09 3.72 1.29 6.11 
2U 00.44 0.00 0.78 o.oo 0.00 
25 02.17 1 .63 0.31 0.12 1.39 
26 00.00 0.00 0.04 0.00 0-00 
27 00.00 0.50 0.41 0.57 0. 23 
28 01.52 0.29 1.23 1.05 1 .17 
29 03.41 3.55 2.28 1.41 3.99 
30 01.33 1.65 1.57 1.88 2.20 
31 00.00 0.00 0.00 0.00 0.00 
32 02.02 1.91 1.00 4.01 0.94 
33 00.26 0.00 0.02 0.40 0.00 
3H 00.34 0.93 0.43 0.09 0.89 
35 00.91 0.60 1.55 0.60 0.49 
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Table Al.9. Average weekly inches of plant available moisture 
in the top 6 inches of soil in the 1969 crop 
season 
Climatic Location 
Week 1 2 3 4 5 
8 0.757 0.880 0.959 0.771 0.804 
9 0. 850 1.001 0.901 0.509 0.561 
10 0- 959 0.827 0.960 0.661 0.700 
11 0. 664 0 .881 0.949 0.421 1.217 
12 0.907 0.867 1- 026 1.139 1.246 
13 0. 459 0.780 0.956 0.796 1.076 
14 0. 029 0.131 0. 666 0. 164 1.177 
15 0.636 0.824 1.043 0.307 1. 179 
16 0. 880 1.137 1.080 0.891 1.037 
17 0.914 1 .130 1.061 1.134 1.184 
18 0. 977 1.230 1. 170 1.200 1.217 
19 0. 959 1.234 1.147 1.201 1.233 
20 0.716 1 .021 1. 101 0.950 1.164 
21 0. 636 1 .077 1. 159 1.011 1.060 
22 0.921 0.627 1. 133 1.174 1.080 
23 0. 577 0.336 0.764 1 .047 0.897 
24 0. 159 0.026 0. 307 1.019 1.129 
25 0.407 0.874 0.001 0.634 0.946 
26 0.624 1 .006 0.000 0.461 0.859 
27 0. 366 0.797 0.661 1.037 0.930 
28 0. 880 1.194 1.091 1.217 1.170 
29 0.957 1.194 0.936 1.154 1.136 
30 0. 934 1.193 0.921 1.166 0.967 
31 0.926 1.041 1.134 1.184 1.021 
32 0. 854 0.730 1.070 1.136 1.083 
33 0.969 1 .109 1.103 1.177 1.240 
34 0.919 1.214 1. 160 1.193 1.190 
35 0.831 1 .086 1.031 1.060 1.100 
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Table  Al .10.  Average weekly  inches  of  p lant  avai lable  mois ture  
in  the  top foot  of  so i l  in  the  1969 crop 
season 
Cl imat ic  Locat ion 
Week 1  2  3  4  5  
8  1 .757 2  .001 2 .  166 2 .014 2 .054 
9  1 .850 2 .230 2 .101 1 .759 1 .811 
10 1 .959 2 .077 2 .  160 1 .911 1 .950 
11 1 .664 2 .131 2 .149 1 .671 2 .426 
12 1 .907 2 .117 2 .226 2 .  389 2 .479 
13 1 .459 2 .030 2 .156 2 .046 2 .151 
1U 1 .029 1 .366 1 .866 1 .414 1 .984 
15 1 .  557 1 .751 2 .219 1 .427 2 .311 
16 1 .760 2 .274 2 .  160 1 .684 1 .816 
17 1 .  659 2  .081 2 .059 1 .  990 2 .313 
18 1 .937 2 .427 2 .326 2 .314 2 .369 
19 1 .894 2 .441 2 .241 2 .393 2 .466 
20 1 .344 2 .043 2 .  153 1 .854 2 .320 
21 0 .924 2 .154 2 .283 1 .696 2 .120 
22 1 .770 1  .240 2 .140 2 .257 1 .874 
23 1 .  039 0 .586 1 .367 1 .956 1 .373 
2tx  0.263 0 .030 0 .496 2 .083 2 .257 
25 0 .  501 0  .949 0 .001 1 .309 1 .864 
26 0 .676 1  .093 0 .000 0 .  857 1 .621 
27 0 .  366 0 .797 0 .764 1 .624 1 .709 
28 1 .  589 1  .809 1 .506 2 .401 2 .420 
29 1 .919 1  .919 1 .183 2 .209 2 .386 
30 1 .797 1  .853 1 .044 2 .097 2 .217 
31 1 .773 1  .654 1 ,291 2 .044 2 .271 
32 1 .749 1  .340 1 .360 2 .030 2 .333 
33 1 .957 2 .100 1 .913 2 .177 2 .490 
3U 1 .919 2 .464 2 .  360 2 .443 2 .440 
35 1 .831 2  .336 2 .231 2 .310 2 .350 
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Table  Al .11.  Average weekly  inches  of  p lant  avai lable  
mois ture  in  the  top 5  fee t  of  so i l  in  the  
1969 crop season 
Climatic Location 
Week 1  2  3  4  5  
8  8 .957 4 .771 10.924 10.810 8 .897 
9 9 .050 4 .893 11.301 11.159 8 .841 
10 9 .  159 5 .173 11.360 11.311 9 .069 
11 8 .864 5  .901 11.349 11.071 10.191 
12 9 .  107 6 .099 11.426 11.789 10.456 
13 8 .659 6 .540 11.356 11.446 9 .969 
14 8 .229 5 .876 11.066 10.814 9 .463 
15 8 .759 6 .386 11.417 10.824 1  0 .080 
16 8 .  844 7 .596 11.303 10.984 9 .184 
17 8 .601 7 .226 11.066 11.164 9 .730 
18 9 .084 8-454 11.469 11.500 10.211 
19 8 .974 9 .200 11.247 11.721 10.360 
20 8 .050 9 .791 11.047 10.799 9 .941 
21 7 .  181 10.126 11.013 10.160 9 .873 
22 7 .663 8 .590 10.353 10.243 9 .123 
23 6 .413 7 .453 9 .019 9 .463 8 .  173 
2U 5 .134 6 .263 7 .591 9 .316 9 .673 
25 4 .676 6 .543 6 .449 8 .026 9 .003 
26 4 .429 6 .326 5 .583 7 .  196 8 .553 
27 3 .839 5 .713 5 .636 7 .610 8 .467 
28 4 .830 6 .454 6 .067 8 .237 9 .717 
29 6 .259 6 .339 5 .501 7 .820 10.041 
30 6 .  150 6 .121 5 .210 7 .547 9 .871 
31 5 .979 5 .830 5 .341 7 .357 9 .921 
32 5 .926 5 .511 5 .  354 7 .316 10.034 
33 6 .717 6 .296 6 .039 7 .513 10.490 
34 7 .366 7 .097 6 .983 7 .916 10.440 
35 7 .540 7 .203 6 .994 7 .783 10.350 
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Table  Al .12.  Average weekly  inches  of  p lant  avai lable  mois ture  
in  the  top 5  inches  of  so i l  in  the  1970 crop 
season 
Cl imat ic  
Week 1  2  
Locat ion 
3  4  5  
S 0=620 0 .850 1 .033 1 .019 1 .050 
9  0 .  087 0 .569 0 .590 0 .653 0 .643 
10 0 .  000 0 .733 0 .  149 0 .223 0 .380 
11 0 .634 1 .141 0 .  866 0 .959 1 .120 
12 0 .466 0 .666 0 .729 0 .611 0 .819 
13 0 .  360 0 .290 1 .  154 0 .867 0 .911 
14 0 .689 0 .894 1 .  157 0 .944 1 .066 
15 0 .713 0 .910 0 .969 0 .844 0 .996 
16 0 .931 1 .193 1 .  140 1 .087 1 .209 
17 0 .  766 0 .977 1 .104 0 .870 1 .220 
18 0 .  176 0 .174 0 .  863 0 .066 1 .076 
19 0 .004 0 .000 0 .426 0 .031 1 .046 
20 0 .226 0 .4  27 0 .453 0 .126 1 .057 
21 0 .270 0 .217 0 .620 0 .126 1 .014 
22 0 .710 0 .033 0 .577 0 .016 0 .924 
23 0 .821 1 .140 0 .853 0 .647 1 .176 
24 0 .849 0 .979 1 .027 0 .711 1 .089 
25 0 .806 1 .014 1 .  117 0 .051 1 .113 
26 0 .607 0 .864 0 .719 0 .000 1 .059 
27 0 .  163 0 .316 0 .533 0 .413 1 .056 
28 0 ,474 0 .303 1 .077 0 .647 1 .213 
29 0 .997 1 .137 1 .199 1 .073 1 .241 
30 0 .970 1 .227 1 .  127 1 .209 1 .227 
31 0 .699 0 .986 0 .981 0 .960 0 .964 
32 0 .574 0 .907 0 .787 0 .947 0 .706 
33 0 .930 1 .119 1 .101 1 .184 0 .713 
34 0 .791 1 .069 0 .  990 0 .964 0 .803 
35 0 .969 1 .210 1 .190 1 .193 1 .233 
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Table  Al .  13 .  Average weekly  inches  of  p lant  avai lable  mois ture  
in  the  top foot  of  so i l  in  the  1970 crop 
season 
Climatic Location 
5 Week 1  2  3  4  
8  1 .620 1 .470 2 .220 2 .319 2 .300 
9  1 .087 1 .189 1 .790 1 .939 1 .893 
10 1 .000 1 .353 1 .349 1 .473 1 .630 
11 1 .634 2 .211 2 .066 2 .209 2 .370 
12 1 .466 1 .916 1 .929 1 .861 2 .069 
13 1 .319 1  .507 2 .351 2 .083 2 .161 
14 1 .450 1 .909 2 .314 1 .909 2 .266 
15 1 .413 1 .814 1 .916 1 .496 1 .944 
16 1 .844 2 .341 2 .280 1 .443 2 .290 
17 1 .477 1 .904 2 .149 0 .931 2 .430 
18 0 .  370 0 .809 1 .490 0 .  066 2 .031 
19 0 .004 0 .353 0 .613 0 .031 1 .603 
20 0 .  226 0 .531 0 .453 0 .126 1 .733 
21 0 .  270 0 .217 0 .620 0 .  126 2 .033 
22 1 .220 0 .033 0 ,711 0 .016 1 .734 
23 1 .629 2 .086 1 .133 0 .647 2 .263 
24 1 .729 2 .103 2 .090 0 .711 2 .174 
25 1 .640 2 .029 2 .247 0 .051 2 .231 
26 1 .237 1 .969 1 .583 0 .000 2 .119 
27 0 .533 1 .274 1 .180 0 .413 2 .121 
28 0 .604 1 .167 1 .740 0 .647 2 .426 
29 1 .867 2 .290 2 .377 1 .359 2 .483 
30 1 .967 2 .474 2 .  321 2 .  354 2 .470 
31 1 .699 2 .236 2 .181 2 .210 2 .214 
32 1 .574 2 .157 1 .987 2 .  197 1 .956 
33 1 .9  30 2 .369 2 .301 2 .434 1 .963 
34 1 .791 2 .319 2 .  190 2 .214 2 .053 
35 1 .969 2 .460 2 .390 2 .443 2 .483 
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Table  Al .1%.  Average weekly  inches  of  p lant  avai lable  
mois ture  in  the  top 5  fee t  of  so i l  in  the  
1970 crop season 
Cl imat ic  Locat ion 
Week 1  2  3  4  5  
8  8 .820 3 .530 8 .557 10.419 10.300 
9  8 .  287 3 .249 8 .150 10.053 9 .893 
10 8 .200 3 .413 7 .709 9 .623 9 .630 
11 8 .  834 4 .739 8 .990 10.679 10.370 
12 8 .  666 4 .766 9 .440 10.531 10.069 
13 8 .517 4 .357 10.793 10.751 10.161 
ia  8 .591 4 .720 11.471 10.516 10.264 
15 8 .374 4 .387 10.821 9 .811 9 .824 
16 8 .736 4 .769 11.111 9 .427 9 .983 
17 7 .920 4 .040 11.074 8 .476 10.231 
18 6 .119 2 .669 9 .  863 7 .021 9 .370 
19 4 .  897 2 .043 8 .399 6 .094 8 .393 
20 4 .054 2 .070 7 .  439 5 .210 8 .024 
21 3 .627 1 .594 7 .034 4 .629 8 .307 
22 4 .  169 1 .301 6 .513 3 .950 7 .457 
23 5 .089 3 .409 6 .526 4 .080 8 .546 
24 6 .586 3 .831 7 .753 3 .921 9 .  101 
25 6 .711 3 .611 7 .700 3 .033 9 .170 
26 6 .  147 3 .404 6 .684 2 .721 9 .193 
27 5 .097 2 .600 5 .987 2 .851 9 .294 
28 4 .916 2 .409 6 .  334 2 .933 10.217 
29 7 .  239 4 .396 7 .921 3 .574 10.471 
30 7 .990 6 .003 8 .763 5 .066 10.459 
31 8 .  144 6 .357 9 .434 5 .361 10.214 
32 8 .270 6 .617 9 .  301 6 .200 9 .956 
33 9 .  130 7 .460 9 .827 8 .379 9 .963 
34 8 .991 7 .546 9 .769 8 .  156 10.053 
35 9 .  167 8 .153 11.094 8 .503 10.483 
176 
Table A l . 15.  Average weekly total incoming radiation 
and accumulation of radiation at Ames in 
1969 and 1970 
Climatic 1969 1970 
Week Average Accumulation Average Accumulation 
08 5U9.8  3848.8  411.4  2  879.9  
09 392.9  2750.6  401.1  2807.7  
10 404.8  2833.8  467.71 3336.71 
11 514.8  3603.5  345.0  2415.2  
12 273.8  1916.  7  518.3  3628.3  
13 569.7  3988.2  473.8  3316.7  
14 489.6  3427.3  456.5  3195.5  
15 487.8  3414.6  497.9  3485.5  
16 547.2  3830-  1  530.8  3715.5  
17 344.3  2410.2  589.5  4126.3  
18 416.  9  2918.  1  559.2  .  3914.7  
19 345.3  2416-9 567.2  3970.4  
20 462.9  3240.4  557.9  3905.3  
21 485.5  3398-7 528.7  3700.9  
22 498.  1  3486.7  464.5  3251.3  
23 539.9  3779.5  211.2  1478.1  
2U 500.0  3500.3  432.6  3028.0  
25 408.9  2862.2  42 3 .5  2964.8  
26 467.4  3272.0  484.5  3391.5  
27 367.7  2574.0  355.3  2486.8  
28 392.8  2749.8  360.31 2522.41 
29 292.4  2047.  1  89.51 626.61 
30 342.2  2395.6  105.71 740.01 
31 332.5  2327.6  245.01 1715.01 
32 271.5  1900.8  206.11 1443.01 
33 204.  3  1429.9  222.81 1559.41 
34 190.7  1335.2  164.9  1154.4  
35 164.2  1149.2  133.4  933.7  
^Estimated values. 
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Table Al.16. Average weekly daylengths at each site 
Climatic Location 
Week 12  3 
08 819 
09 837 
10 851 
11 869 
12 883 
13 895 
1U 90U 
15 911 
16 914 
17 914 
18 912 
19 906 
20 897 
21 886 
22 872 
23 857 
2U 841 
25 823 
26 805 
27 787 
28 767 
29 747 
30 728 
31 709 
32 689 
33 670 
3U 651 
35 632 
816 823 
833 842 
849 859 
864 874 
877 886 
888 901 
898 911 
9  04 918 
907 921 
908 922 
905 918 
899 912 
891 903 
880 892 
867 878 
853 862 
8  37 845 
820 827 
802 808 
784 789 
766 769 
747 748 
728 728 
709 708 
690 687 
672 668 
653 648 
635 629 
823 816 
842 833 
859 849 
874 864 
886 877 
901 888 
911 898 
918 904 
921 907 
922 908 
918 905 
912 899 
903 891 
892 880 
878 867 
862 853 
845 837 
827 820 
808 802 
789 784 
769 766 
748 747 
728 728 
708 709 
687 690 
668 672 
648 653 
629 635 
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Phenological Dates 
Table A2.1. 1969 Ames phenological dates 
v-a-pi  P.O.2  50%E3 75%E 50%T* 75%T 50%SS 755SS BLM& 30%? 
WATER 
1-1-1  4-25 5-5  5-6  7-6  7-8  7-8 7-9  8-27 8-22 
1-2-1  U-25 5-6  5-6  7-6  7-8  7- 8 7-10 8-24 8-22 
1  — 3— 1  U-25 5-5  5-6  7-5  7-8  7-8 7-9  8-24 8-22 
1-1-2  5-9  5-17 5-21 7-12 7-14 7- 13 7-15 8-30 8-26 
1-2-2  5-9  5-17 5-1  8  7-11 7-12 7-12 7-14 8-28 8-26 
1-3-2  5-9  5-17 5-18 7-11 7-12 7- 12 7-14 9-1  8-26 
1-  1-3  5-24 5-29 5-29 7-16 7-17 7-18 7-19 9-8  9-2  
1-2-3  5-24 5-28 5-29 7-16 7-17 7- 18 7-20 9-6  9-2  
1-3-3  5-24 5-29 5-2  9  7-17 7-19 7- 19 7-24 9-9  9-2  
2-1-1  4-25 5-6  5-6  7-10 7-11 7- 12 7-13 9-6  8-30 
2-2-1  4-25 5-5  5-6  7-9  7-11 7-11 7-12 9-6  8-30 
2-3-1  4-25 5-5  5-5  7-9  7-11 7- 11 7-12 9-4  8-30 
2-1-2  5-9  5-17 5-17 7-14 7-15 7-16 7-18 9-13 9-4  
2-2-2  5-9  5-18 5-19 7-14 7-15 7- 16 7-17 9-10 9-4  
2-3-2  5-9  5-18 5-19 7-14 7-14 7-15 7-17 9-12 9-4  
2-1-3  5-24 5-28 5-29 7-18 7-20 7- 23 7-26 9-16 9-17 
2-2-3  5-24 5-29 5-29 7-18 7-19 7- 22 7-24 9-15 9-17 
2-3-3  5-24 5-28 5-29 7-18 7-19 7- 23 7-24 9-16 9-17 
3-1-1  4-25 5-6  5—6 7-13 7-14 7— 15 7-17 9-10 9-7  
3-2-1  4-25 5-6  5-7  7-14 7-15 7- 15 7-16 9-9  9-7  
3-3-1  4-25 5-5  5-6  7-13 7-14 7-14 7-16 9-13 9-7  
3-1-2  5-9  5-17 5-18 7-17 7-18 7- 20 7-22 9-17 9-16 
3-2-2  5-9  5-17 5-19 7-16 7-17 7- 19 7-22 9-16 9-16 
3-3-2  5-9  5-17 5-19 7-17 7-18 7- 19 7-21 9-15 9-16 
3-1-3  5-24 5-29 5-29 7-24 7-25 7-26 7-29 9-20 9-28 
3-2-3  5-24 5-29 5-29 7-23 7-25 7- 26 7-28 9-21 9-28 
3-3-3  5-24 5-28 5-29 7-24 7-26 7- 27 7-30 9-21 9-28 
iV-R-P i s  the  var ie ty-repl ica t ion-plant ing ident i f ica t ion.  
Similar  nota t ion i s  used to  ident i fy  the  phenological  da ta  
for  the  o ther  locat ions  and years .  
2p.D.  i s  used for  p lant ing date .  Other  phenological  da te  tables  
use  the  same nota t ion.  
3E= coleopt i le  emergence f rom the  soi l  and i s  used in  other  
phenological  data  tables .  
•T= completed tasse l  emergence.  
5S=99-L App arance  of  s i lks .  
&BLM= mean b lack layer  matur i ty  date  of  10 p lants  in  each p lot .  
730% kernel  mois ture  (3  repl ica t ions  pooled) .  
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Table A2.1. continued 
V-R-P P.  D.  50%E 75XE 50%T 75%T 50XS 75%S BLH 30% 
WATER 
4-1-1  
4-2-1  
4-3-1  
4-25 
4-25 
4-25 
5—6 
5-5  
5-5  
5-7  
5-6  
5-6  
7-16 
7-15 
7-15 
7-17 
7-16 
7-16 
7-16 
7-  16 
7-16 
7-18 
7-17 
7-19 
9-20 
9-19 
9-18 
9-16 
9-16 
9-16 
4-1-2  
4-2-2  
4-3-2  
5-9  
5-9  
5-9  
5-19 
5-18 
5-18 
5-23 
5-19 
5-1  9  
7-21 
7-20 
7-19 
7-23 
7-23 
7-21 
7-23 
7-22 
7-23 
7-26 
7-24 
7-24 
9-21 
9-23 
9-22 
9-28 
9-28 
9-28 
4-1-3  
4-2-3  
4-3-3  
5-24 
5-24 
5-24 
5-29 
5-29 
5-29 
5-29 
5-29 
5-29 
7-2  6  
7-26 
7-26 
7-27 
7-28 
7-27 
7-29 
7-30 
7-29 
7-31 
7-3  1 
7-3  0 
9-26 
9-26 
9-27 
10-3 
10-3 
10-3 
5-1-1  
5-2-1  
5-3-1  
4-25 
4-25 
4-25 
5-6  
5-6  
5-6  
5-7  
5-7  
5-7  
7-24 
7-23 
7-24 
7-26 
7-25 
7-26 
7-28 
7-27 
7-27 
7-30 
7-30 
7-31 
10-2 
10-3 
10-4 
5-1-2  
5-2-2  
5-3-2  
5-9  
5-9  
5-9  
5-20 
5-18 
5-19 
5-24 
5-20 
5-21 
7-30 
7-27 
7-27 
8-2  
7-31 
7-31 
8-3  
8-3  
8-2  
8  —6 
8-5  
8-5  
10-4 
10-5 
10-5 
5-1-3  
5-2-3  
5-3-3  
5-24 
5-24 
5-24 
5-29 
5-29 
5-29 
5-29 
5-29 
5-31 
8-10 
8-10 
8-10 
8-11 
8-13 
8-13 
8-10 
8-10 
8-10 
8-12 
8-14 
8-1  1 
6—1 — 1  
6—2 — 1  
6-3-1  
4-25 
4-25 
4-25 
5-6  
5-6  
5-6  
5-7  
5-7  
5-7  
7-20 
7-19 
7-19 
7-23 
7-21 
7-21 
7-25 
7-25 
7-25 
7-27 
7-27 
7-28 
10-2 
10-  1  
9-30 
10-5 
10-5 
10-5 
6— 1  — 2  
6—2 — 2  
6-3-2  
5-9  
5-9  
5-9  
5-18 
5-18 
5-20 
5-19 
5-19 
5-21 
7-25 
7-24 
7-24 
7-26 
7-25 
7-26 
8-2  
7-30 
7-31 
8—4 
8-2  
8-3  
10-4 
10-4  
10-5 
10-14 
10-14 
10-14 
6— 1  -3  
6—2—3 
6—3 — 3  
5-24 
5-24 
5-24 
5-29 
5-29 
5-29 
5-29 
5-29 
5-29 
8-6  
8-6  
8-7  
8-8  
8  — 8  
8-8  
8-6  
8— 6  
8-7  
8-8  
8-8  
8-9  
10-8 
10-6 
10-8  
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Table A2.2. 1969 Beaconsfield phenological dates» 
V-B-P P .O.  50XT 75%T 50 %5 75%S 30% 
WATER 
1-1-1  
1-  2-1  
1-3-1  
U-2U 
4-2t t  
4-2U 
7-10 
7-8  
7-8  
7-11 
7-10 
7-9  
7-11 
7-9  
7-5  
7-14 
7-1  1  
7-10 
8-28 
8-28 
8-28 
1-1-2  
1-2-2  
1-3-2  
5-12 
5-1?  
5-12 
7-15 
7-13 
7-13 
7-19 
7-15 
7-14 
7-  16 
7-14 
7-13 
7-21 
7-14 
7-16 
9-  1  
9-1  
9-1  
1-1-3  
1-2-3  
1-3-3  
5-26 
5-26 
5-26 
7-25 
7-28 
7-28 
7-26 
7-29 
7-29 
7-26 
7-28 
7-28 
7-29 
7-30 
7-30 
9-13 
9-13 
9-13 
2-1-1  
2-2-1  
2-3-1  
y-24 
H-2H 
U-2H 
7-11 
7-11 
7-9  
7-13 
7-17 
7-12 
7-  13 
7-15 
7-  10 
7-16 
7-18 
7-12 
9-  1  
9-1  
9-1  
2—1-2 
2-2-2  
2-3-2  
5-12 
5-12 
5-12 
7-14 
7-17 
7-16 
7-16 
7-1% 
7-19 
7-  15 
7-17 
7-  16 
7-20 
7-18 
7-19 
9-2  
9-2  
9-2  
2-1-3  
2-2-3  
2-3-3  
5-26 
5-26 
5-26 
7-28 
7-28 
7-28 
7-29 
7-30 
7-29 
7-28 
7-28 
7-28 
7-30 
7-30 
7-29 
9-15 
9-15 
9-15 
3-1-1  
3-2-1  
3-3-1  
4-2U 
H-2H 
H-2H 
7-15 
7-13 
7-15 
7-17 
7-17 
7-18 
7-  16 
7-10 
7-  16 
7-19 
7-13 
7-19 
9-6  
9-6  
9-6  
3-1-2  
3-2-2  
3-3-2  
5-12 
5-12 
5-12 
7-21 
7-21 
7-21 
7-21 
7-25 
7-26 
7-21 
7-20 
7-20 
7-21 
7-24 
7-25 
9-15 
9-15 
9-15 
3-1-3  
3-2-3  
3-3-3  
5-26 
5-26 
5-26 
7-30 
7-30 
7-30 
8-1  
7-31 
8-1  
7-30 
7-30 
7-30 
8-1  
8-2  
8-2  
9-27 
9-27 
9-27 
^Emergence data was not taken in 1969 at Beaconsfield. 
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Table A2-2. continued 
V-R-P P.D.  50%T 75%T 505SS 75%S 30% 
WATER 
4  — 1  — 1  
4-2-1  
4—3" 1  
4-24 
4-24 
4-24 
7-18 
7-17 
7-16 
7-19 
7-18 
7-18 
7-19 
7-  18 
7-16 
7-21 
7-20 
7-18 
9-17 
9-17 
9-17 
4-1-2  
4-2-2  
4-3-2  
5-12 
5-12 
5-12 
7-23 
7-23 
7-23 
7-24 
7-27 
7-27 
7-23 
7-23 
7-23 
7-27 
7-28 
7-26 
9-22 
9-22 
9-22 
4—1 — 3  
4-2-3  
4 — 3 -3  
5-26 
5-26 
5-26 
7-29 
7-31 
7-30 
7-31 
8-2  
8-1  
7-30 
7-30 
7-31 
8-1  
8-4  
7-31 
10-4 
10-4 
10-4 
5-1-1  
5-2-1  
5-3-1  
4-24 
4-24 
4-24 
7-25 
7-24 
7-25 
7-26 
7-26 
7-26 
7-26 
7-25 
7-25 
7-29 
7-27 
7-28 
9-26 
9-26 
9-26 
5—1—2 
5-2-2  
5-3-2  
5-12 
5-12 
5-12 
8-2  
8-3  
7-31 
8-4  
8-4  
8-1  
8-3  
8-5  
8-1  
8  —6 
8-6  
8-2  
10-8 
10-8  
10-8 
5-1-3  
5-2-3  
5-3-3  
5-26 
5-26 
5-26 
8-10 
8-11 
, 8 -10 
8-14 
8-13 
8-12 
8-11 
8-11 
8-11 
8-16 
8-14 
8-1  3  
6-1  — 1  
5-2— 1 
6-3-1  
4-24 
4-24 
4-24 
7-27 
7-24 
7-24 
7-29 
7-25 
7-24 
7-27 
7-25 
7-24 
8-1  
7-25 
7-24 
9-30 
9-30 
9-30 
6—1 — 2  
6-2-2  
6-3-2  
5-12 
5-12 
5-12 
7-30 
7-30 
7-31 
7-31 
8-1  
8-1  
7-31 
7-31 
7-31 
8-1  
8-1  
8-1  
10-10 
10-10 
10-10 
6-1-3  
6-2-3  
6-3-3  
5-26 
5-26 
5-26 
8-10 
8-10 
8-7  
8-13 
8-11 
8-12 
8-12 
8-8  
8-6  
8-15 
8-12 
8-12 
10-18 
10-18 
10-18 
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Table A2.3. 1969 Garnavillo phenological dates 
V-P-P P.D.  50%E 75%E 50%T 75%T 50 XS 75%S 30% 
WATER 
1-1-1  
1-2-1  
1-3-1  
4-30 
4-30 
4-30 
5-12 
5-12 
5-12 
5-13 
5-14 
5-14 
7-17 
7-20 
7-18 
7-19 
7-22 
7-22 
7-  19 
7-22 
7-21 
7-23 
7-23 
7-23 
9-7  
9-7  
9-7  
1-1-2  
1-2-2  
1-3-2  
5-12 
5-12 
5-12 
5-22 
5-23 
5-23 
5-24 
5-24 
5-24 
7-22 
7-22 
7-22 
7-24 
7-23 
7-23 
7-22 
7-22 
7-23 
7-25 
7-23 
7-24 
9-12 
9-1  2  
9-12 
1  — 1  — 3  
1-2-3  
1-3-3  
5-27 
5-27 
5-27 
6-2  
6-2  
6-1  
6-3  
6-3  
6-3  
7-27 
7-28 
7-27 
7-29 
7-29 
7-29 
7-30 
7-30 
7-30 
7-31 
7-31 
7-31 
9-2  2  
9-22 
9-22 
2-1-1  
2-2-1  
2-3-1  
4-30 
4-30 
4-30 
5-12 
5-12 
5-11 
5-14 
5-14 
5-12 
7-21 
7-21 
7-2  1 
7-23 
7-23 
7-23 
7-22 
7-24 
7-23 
7-24 
7-25 
7-25 
9-22 
9-2  2  
9-22 
2-1-2  
2-2-2  
2-3-2  
5-12 
5-12 
5-12 
5-23 
5-23 
5-23 
5-24 
5-25 
5-24 
7-25 
7-25 
7-24 
7-26 
7-26 
7-25 
7-27 
7-28 
7-27 
7-29 
7-29 
7-28 
10-2 
10-2 
10-2 
2-1-3  
2-2-3  
2-3-3  
5-27 
5-27 
5-27 
6-2  
6-  2  
6—2 
6  -3  
6-3  
6 -3  
7-30 
7-30 
7-30 
7-31 
8-1  
7-31 
8-3  
8-4  
8-3  
8-6  
8-5  
8-5  
10-7 
10-7 
10-7 
3-1-1  
3-2-1  
3-3-1  
4-30 
4-30 
4-30 
5-12 
5-12 
5-12 
5-15 
5-14 
5-12 
7-26 
7-26 
7-25 
7-27 
7-28 
7-26 
7-27 
7-28 
7-27 
7-29 
7-31 
7-29 
10-5 
10-5 
10-5 
3-1-2  
3-2-2  
3-3-2  
5-12 
5-12 
5-12 
5-23 
5-23 
5-23 
5-25 
5-25 
5-25 
7-31 
7-3  0 
7-30 
8-1  
8-1  
8-2  
8-2  
8-1  
8-  1  
8-3  
8-2  
8-3  
10-13 
10-13 
10-13 
3-1-3  
3-2-3  
3-3-3  
5-27 
5-27 
5-27 
6-2  
6-2  
6-2  
6-3  
6-3  
6-3  
8-4  
8-5  
8-5  
8-6  
8-7  
8-7  
8-7  
8-7  
8-7  
8-8  
8-8  
8-9  
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Table A2. 3. continued 
V-R-P P.  D.  50%E 7536E 50%T 75%T 50%S 75%S 3056 
i f tTER 
4-1-1  
4—2— 1  
4-3-1  
4-30 
4-30 
a-30 
5-14 
5-13 
5-13 
5-14 
5-15 
5-16 
8-1  
7-30 
7-30 
8-2  
7-31 
7-31 
8-1  
7-31 
7-31 
8-3  
8-2  
8-2  
10-13 
10-13 
10-13 
4-1-2  
4-2-2  
4-3-2  
5-12 
5-12 
5-12 
5-24 
5-24 
5-24 
5-25 
5-26 
5-25 
8-3  
8-3  
8-3  
8-5  
8-5  
8-5  
8— 4  
8-3  
8-4  
8-6  
8-5  
8-5  
4—1-3 
4-2-3  
4-3-3  
5-27 
5-27 
5-27 
6—3 
6-3  
6-3  
6-3  
6  —4 
6-3  
8-9  
8-9  
8-9  
8-10 
8-10 
8-10 
8-10 
8-9  
8-10 
8-12 
8-11 
8-11 
5-1-1  
5-2-1  
5-3-1  
4-30 
4-30 
4-30 
5-14 
5-14 
5-14 
5-16 
5-16 
5-15 
8— 6  
8-7  
8-  6  
8— 8  
8-8  
8-7  
8-10 
8-10 
8-9  
8-11 
8-11 
8-10 
5-1-2  
5-2-2  
5-3-2  
5-12 
5-12 
5-12 
5-25 
5-25 
5-24 
5-26 
5-27 
5-27 
8-11 
8-11 
8-10 
8-13 
8-14 
8-14 
8-14 
8-14 
8-13 
8-17 
8-15 
8-14 
5-1-3  
5-2-3  
5-3-3  
5-27 
5-27 
5-27 
6-3  
6-3  
6-  3  
6-4  
6  -3  
6—4 
8-18 
8-18 
8-18 
8-19 
8-21 
8-19 
8-18 
8-19 
8-20 
8-20 
8-24 
8-22 
6—1 — 1  
6—2 — 1  
6  — 3  — 1  
4-30 
4-30 
4-30 
5-12 
5-12 
5-13 
5-14 
5-15 
5-14 
8-3  
8-4  
8-5  
8-5  
8-6  
8-6  
• 8 -7  
8-7  
8-9  
8-9  
8-11 
8-11 
6—1-2 
6-2—2 
6—3—2 
5-12 
5-12 
5-12 
5-24 
5-25 
5-24 
5-26 
5-26 
5-25 
8-7  
8-8  
8-7  
8—8 
8-10 
8-8  
8-12 
8-13 
8-12 
8-13 
8-14 
8-13 
6—1—3 
6—2—3 
6-3-3  
5-27 
5-27 
5-27 
6-3  
6-3  
6-  3  
6—4 
6  -3  
6—4 
8-14 
8-13 
8-14 
8-17 
8-17 
8-17 
8-18 
8-18 
8-18 
8-19 
8-19 
8-20 
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Table A2.4. 1969 Sutherland phenological dates 
V-R-P P.O.  50XE 7555E 50%T 75%T 50 XS 75%S 30% 
RATER 
1-1-1  
1-2-1  
1-3-1  
4-24 
4-24 
4-24 
5-7  
5-6  
5-6  
5-8  
5-7  
5-7  
7-15 
7-15 
7-14 
7-16 
7-16 
7-15 
7-15 
7-15 
7-14 
7-17 
7-16 
7-15 
9-12 
9-12 
9-12 
1-1-2  
1-2-2  
1-3-2  
5-9  
5-9  
5-9  
5-21 
5-21 
5-21 
5-22 
5-22 
5-22 
7-19 
7-18 
7-17 
7-21 
7-19 
7-18 
7-22 
7-19 
7-17 
7-23 
7-21 
7-19 
9-14 
9-1  4  
9-14 
1-1-3  
1-2-3  
1-3-3  
5-26 
5-26 
5-26 
6-1  
6-1  
6-1  
6-2  
6—2 
6-2  
7-23 
7-25 
7-25 
7-24 
7-26 
7-27 
7-25 
7-26 
7-28 
7-26 
7-30 
7-30 
9-23 
9-23 
9-23 
2-1-1  
2-2-1  
2-3-1  
4-24 
4-24 
4-24 
5-6  
5-6  
5-6  
5-7  
5-7  
5-7  
7-18 
7-16 
7-16 
7-19 
7-17 
7-16 
7-22 
7-19 
7-17 
7-25 
7-21 
7-19 
9-16 
9-16 
9-16 
2-1-2  
2-2-2  
2-3-2  
5-9  
5-9  
5-9  
5-21 
5-21 
5-22 
5-22 
5-22 
5-25 
7-21 
7-18 
7-21 
7-23 
7-20 
7-22 
7-25 
7-22 
7-24 
7-29 
7-23 
7-26 
9-23 
9-23 
9-23 
2-1-3  
2-2-3  
2-3-3  
5-26 
5-26 
5-26 
6-1  
6-1  
6-1  
6-2  
6-2  
6-2  
7-29 
7-28 
7-29 
7-30 
7-30 
7-30 
8-2  
8-1  
8-2  
8-4  
8-2  
8-4  
10-4  
10-4 
10-4 
3-1-1  
3-2-1  
3-3-1  
4-24 
4-24 
4-24 
5-7  
5-7  
5-7  
5-9  
5-8  
5-8  
7-21 
7-21 
7-20 
7-23 
7-23 
7-22 
7-24 
7-24 
7-22 
7-26 
7-26 
7-24 
10-3  
10-3 
10-3 
3-1-2  
3-2-2  
3-3-2  
5-9  
5-9  
5-9  
5-21 
5-21 
5-21 
5-22 
5-23 
5-23 
7-25 
7-25 
7-24 
7-26 
7-29 
7-26 
7-29 
7-29 
7-26 
7-30 
8-2  
7-29 
10-6 
10-6 
10-6 
3-1-3  
3-2-3  
3-3-3  
5-26 
5-26 
5-26 
6-2  
6-1  
6-1  
6  —5 
6—2 
6-3  
8-4  
8-2  
8-3  
8-7  
8-4  
8—6 
8-7  
8-5  
8-6  
8-11 
8-6  
8-9  
10-19 
10-19 
10-19 
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Table A2.4. continued 
V-B-P P.D.  50%E 75%E 50%I 755ST 50 XS 7556S 30% 
RATER 
4—1 — 1  
4— 2— 1  
4—3 — 1  
4-24 
4-24 
4-24 
5-8  
5-7  
5-8  
5-8  
5-8  
5-9  
7-25 
7-2  3  
7-24 
7-26 
7-25 
7-25 
7-28 
7-25 
7-25 
7-31 
7-28 
7-28 
10-8 
10-8 
10-8 
4—1—2 
4-2-2  
4-3-2  
5-9  
5-9  
5-9  
5-22 
5-21 
5-22 
5-24 
5-22 
5-25 
8-1  
7-29 
7-30 
8-2  
7-31 
8-2  
8-3  
8-1  
8-1  
8-5  
8-4  
8-5  
10-17 
10-17 
10-  17 
4—1-3 
4—2 — 3  
4—3—3 
5-26 
5-26 
5-26 
6-2  
6-  1  
6  — 1  
6  —4 
6-3  
6—2 
8-5  
8-8  
8-6  
8  — 6  
8-11 
8-7  
8-6  
8-11 
8-7  
8-8  
8-13 
8-11 
5-1-1  
5-2-1  
5-3-1  
4-24 
4-24 
4-24 
5-8  
5-7  
5-9  
5-9  
5-8  
5-11 
8-5  
8-2  
8-2  
8-7  
8-5  
8-5  
8-9  
8-7  
8-7  
8-12 
8-8  
8-11 
5-1-2  
5-2-2  
5-3-2  
5-9  
5-9  
5-9  
5-22 
5-21 
5-23 
5-23 
5-24 
5-26 
8-9  
8-9  
8-9  
8-11 
8-11 
8-11 
8-13 
8-13 
8-12 
8-14 
8-15 
8-14 
5-1-3  
5-2-3  
5-3-3  
5-26 
5-26 
5-26 
6-2  
6-2  
6-1  
6—4 
6—3 
6-2  
8-14 
8-12 
8-14 
8-16 
8-14 
8-16 
8-18 
8-18 
8-20 
8-21 
8-20 
8-25 
6—1 — 1  
6-2-1  
6-3-1  
4-24 
4-24 
4-24 
5-8  
5-8  
5-9  
5-9  
5-9  
5-11 
7-31 
7-30 
7-3  1  
8-2  
8-2  
8-2  
8-6  
8-5  
8-5  
8-7  
8—6 
8-7  
6—1—2 
6-2-2  
6—3—2 
5-9  
5-9  
5-9  
5-22 
5-21 
5-23 
5-24 
5-22 
5-26 
8-2  
8-3  
8-4  
8  — 6  
8-5  
8-7  
8-9  
8-8  
8-11 
8-11 
8-11 
8-12 
6—1 — 3  
6-2-3  
6-3—3 
5-26 
5-26 
5-26 
6-  1  
6-1  
6-1  
6-2  
6-2  
6-3  
8-9  
8-12 
8-10 
8-12 
8-14 
8-12 
8-15 
8-18 
8-15 
8-16 
8-21 
8-18 
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Table Â2.5. 1969 Hashington phenological dates 
V-R-P P.D.  50XE» 7536E 50%T2 75XT 50Xs3 75%s 30% 
RATER 
1-1-1  
1-2-1  
1-3-1  
5-2  
5-2  
5-2  
5-12 
5-12 
5-13 
5-14 
5-14 
5-14 
7-10 
7-12 
7-10 
7-11 
7-14 
7-12 
7-11 
7-12 
7-10 
7-12 
7-14 
7-12 
8-30 
8-30 
8-30 
1-1-2  
1-2-2  
1-3-2  
5-14 
5-14 
5-14 
5-24 
5-24 
5-24 
5-25 
5-25 
5-25 
7-15 
7-15 
7-15 
7— 16 
7-17 
7— 16 
7-15 
7-16 
7-16 
7-17 
7-18 
7-17 
9-11 
9-11 
9-11 
1-1-3  
1-2-3  
1-3-3  
5-26  
5-26 
5-26 
5-31 
6-2  
6-1  
7-20 
7-19 
7-21 
7-20 
7-20 
7-22 
7-20 
7-20 
7-22 
7-22 
7-22 
7-23 
9-14 
9-14 
9-14 
2-1-1  
2-2-1  
2-3-1  
5-2  
5-2  
5-2  
5-12 
5-12 
5-12 
5-13 
5-14 
5-15 
7-12 
7-14 
7-12 
7-13 
7-15 
7-14 
7-13 
7-15 
7-14 
7-14 
7-16 
7-14 
9-8  
9-8  
9-8  
2-1-2  
2-2-2  
2-3-2  
5-14 
5-14 
5-14 
5-25 
5-23 
5-23 
5-25 
5-25 
5-25 
7-16 
7-17 
7-16 
7-18 
7-18 
7-17 
7-18 
7-18 
7-18 
7-19 
7-20 
7-19 
9-12 
9-12 
9-12 
2-1-3  
2-2-3  
2-3-3  
5-26 
5-26 
5-26 
5-31 
6—2 
5-31 
7-23 
7-21 
7-22 
7-24 
7-23 
7-24 
7-25 
7-24 
7-24 
7-26 
7-25 
7-26 
9-19 
9-1  9  
9-19 
3-1-1  
3-2-1  
3-3-1  
5-2  
5-2  
5-2  
5-12 
5-13 
5-14 
5-14 
5-15 
5-16 
7-15 
7— 16 
7-18 
7-16 
7-18 
7-20 
7— 16 
7-18 
7-20 
7-17 
7-19 
7-20 
9-15 
9-15 
9-15 
3-1-2  
3-2-2  
3-3-2  
5-14 
5-14 
5-14 
5-24 
5-23 
5-23 
5-25 
5-24 
5-25 
7-21 
7-21 
7-22 
7-22 
7-23 
7-24 
7-23 
7-23 
7-24 
7-24 
7-24 
7-25 
9-21 
9-21 
9-21 
3-1-3  
3-2-3  
3-3-3  
5-26 
5-26 
5-26 
6-1  
6-1  
6—2 
7-27 
7-25 
7-28 
7-28 
7-26 
7-28 
7-28 
7-28 
7-28 
7-29 
7-29 
7-30 
9-26 
9-26 
9-26 
iThis  emergence data  i s  % of  h i l l s  emerged.  Hi l l s  were  
counted as  emerged when 4  p lants  in  the  h i l l  came ap .  
zTassel ing data  was  taken f rom 10 p lants /p lot .  
'S i lk ing data  was  taken from 10 p lants /p lot .  
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Table A2.5. continued 
V-B-P P.O.  5056E 75%E 50%T 75XT 50%S 75%S 30% 
WATER 
4-1-1  
4-2-1  
4-3-1  
5-2  
5-2  
5-2  
5-15 
5-14 
5-1% 
5-16 
5-16 
5-16 
7-19 
7-20 
7-19 
7-20 
7-22 
7-20 
7-20 
7-21 
7-20 
7-20 
7-24 
7-22 
9-24 
9-24 
9-29 
4-1-2  
4-2—2 
4-3-2  
5-14 
5-14 
5-14 
5-25 
5-25 
5-25 
5-25 
7-25 
7-23 
7-28 
7-24 
7-27 
7-24 
7-28 
7-26 
9-29 
9-29 
4-1-3  
4-2-3  
4-3-3  
5-26 
5-26 
5-26 
5-31 
5-31 
6-1  
6— 1  
6-1  
6-2  
7-28 
7-30 
7-30 
7-30 
7-30 
7-30 
7-30 
8-1  
7-31 
7-30 
8-2  
8-1  
10-3  
10-3 
10-3 
5-1-1  
5-2-1  
5-3-1  
5-2  
5-2  
5-2  
5-15 
5-14 
5-14 
5-16 
5-15 
5-19 
7-27 
7-28 
7-27 
7-28 
7-28 
7-30 
7-28 
7-31 
7-30 
7-30 
8-4  
8-2  
10-4  
10-4 
10-4 
5-1-2  
5-2-2  
5-3-2  
5-14 
5-14 
5-14 
5-25 
5-25 
5-25 
5-25 
5-25 
5-25 
7-30 
8-2  
7-31 
8-2  
8-3  
8-2  
8-3  
8-6  
8-4  
8-3  
8-7  
8—4 
10-12 
10-12 
10-12 
5-1  — 3  
5-2-3  
5-3-3  
5-26 
5-26 
5-26 
6—2 
6— 1  
6-2  
6-2  
8-7  
8-6  
8-6  
8-10 
8-10 
8-8  
8-7  
8-8  
8-8  
8-11 
8-10 
8-11 
6—1 — 1  
6—2 — 1  
6-3-1  
5-2  
5-2  
5-2  
5-12 
5-14 
5-14 
5-14 
5-15 
5-15 
7-23 
7-23 
7-24 
7-24 
7-25 
7-26 
7-25 
7-28 
7-28 
7-29 
7-30 
7-29 
10-5  
10-5 
10-5 
6-1-2  
6-2-2  
6—3 — 2  
5-14 
5-14 
5-14 
5-25 
5-25 
5-25 
5-25 
5-25 
5-25 
7-30 
7-28 
7-28 
8-1  
7-29 
7-30 
8-3  
8-2  
7-31 
8-5  
8-3  
8-5  
10-11 
10-11 
10-11 
6— 1  —3 
6—2—3 
6-3—3 
5-26 
5-26 
5-26 
6-2  
6-1  
6-1  
8-5  
8-1  
8-3  
8-8  
8-4  
8-4  
8-7  
8-5  
8-5  
8-8  
8-8  
8-8  
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Table  A2.  6 .  1970 Ames phenological  da tes .  
V-R-P P .O.  50%E 7  IE 50%T 75%T 50%S 7556s BLMi 
1-1-1  
1-2-1  
1-3-1  
4-23 
4-23 
4-23 
5-4  
5-4  
5—6 
5-6  
5-6  
5-10 
6-28 
6-26 
6-30 
6-30 
6-29 
7-2  
6-28 
6-26 
6-29 
6-30 
6-29 
7-2  
8-14 
8-17 
8-1  4  
1-1-2  
1-2-2  
1-3-2  
5-7  
5-7  
5-7  
5-18 
5-17 
5-18 
5-20 
5-19 
5-20 
7-3  
7-4  
7-6  
7-5  
7-7  
7-13 
7-4  
7-8  
7-8  
7-7  
7-13 
7-13 
8-1  4  
8-18 
8-18 
1-1-3  
1-2-3  
1-3-3  
5-27 
5-27 
5-27 
6-2  
6-2  
6-2  
6-3  
6-3  
6-3  
7-16 
7-17 
7-17 
7-17 
7-19 
7-19 
7-17 
7-18 
7-18 
7-19 
7-20 
7-20 
9-3  
9-3  
9-3  
2-1-1  
2-2-1  
2—3— 1  
4-23 
4-23 
4-23 
5-5  
5-4  
5-5  
5-10 
5-5  
5-8  
7-2  
6-30 
7-2  
7-3  
7-2  
7-4  
7-4  
7-2  
7-4  
7-8  
7-7  
7-9  
8-27 
8-27 
8-31 
2-1-2  
2-2-2  
2-3-2  
5-7  
5-7  
5-7  
5-17 
5-17 
5-18 
5-18 
5-19 
5-21 
7-7  
7-9  
7-11 
7-8  
7-13 
7-14 
7-10 
7-12 
7-14 
7-14 
7-14 
7-15 
9-2  
9-1  
8-31 
2-1-3  
2-2-3  
2-3-3  
5-27 
5-27 
5-27 
6-2  
6—2 
6-2  
6-2  
6  — 3  
6-3  
7-18 
7-19 
7-18 
7-20 
7-21 
7-20 
7-20 
7-21 
7-21 
7-21 
7-23 
7-22 
9-10 
9-10 
9-10 
3-1-1  
3-2-1  
3-3-1  
4-23 
4-23 
4-23 
5-4  
5-5  
5-7  
5-7  
5-7  
5-11 
7-9  
7-7  
7-9  
7-13 
7-13 
7-14 
7-7  
7-7  
7-7  
7-10 
7-9  
7-11 
9-1  
9-1  
9-1  
3-1-2  
3-2-2  
3-3-2  
5-7  
5-7  
5-7  
5-17 
5-18 
5-18 
5-20 
5-22 
5-22 
7-15 
7-16 
7-16 
7-17 
7-18 
7-19 
7-15 
7-17 
7-17 
7-17 
7-18 
7-19 
9-10 
9-10 
9-10 
3-1-3  
3-2-3  
3-3-3  
5-27 
5-27 
5-27 
6—2 
6-2  
6-2  
6-3  
6  — 3  
6-3  
7-24 
7-26 
7-25 
7-25 
7-27 
7-26 
7-25 
7-26 
7-25 
7-26 
7-27 
7-27 
9-19 
9-19 
9-19 
iBLM data  are  dates  when 75% of  the  plants  sampled in  a  
p lot  have mid-ear  kernels  tha t  are  black layer  mature .  The 
o ther  1970 phenological  da te  tables  use  the  same code.  
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Table  A2.6 .  cont inued 
V-E-P P.  D.  50%E 75%E 50%T 75%T 50%S 7555S BLS 
a-1-1 
4-2-1  
4—3 -1  
4-23 
4-23 
4-23 
5-5  
5-5  
5-5  
5-7  
5-6  
5-9  
7-13 
7-10 
7-12 
7-14 
7-13 
7-15 
7-11 
7-9  
7-13 
7-14 
7-13 
7-16 
9-8  
9-8  
9-10 
4-1  -2  
4-2-2  
4-3-2  
5-7  
5-7  
5-7  
5-19 
5-19 
5-19 
5-21 
5-21 
5-20 
7-17 
7-17 
7-17 
7-19 
7-19 
7-19 
7-17 
7-18 
7-18 
7-20 
7-19 
7-19 
9-10 
9-10 
9-10 
4— 1  —3 
4-2-3  
4-3-3  
5-27 
5-27 
5-27 
6-3  
6-3  
6-3  
6 — 4  
6-3  
6-4  
7-2  6 
7—26 
7-26 
7-27 
7-28 
7-27 
7-27 
7-27 
7-27 
7-28 
7-28 
7-28 
9-20 
9-20 
9-20 
5-1-1  
5-2-1  
5-3-1  
4-23 
4-23 
4-23 
5-9  
5-8  
5-10 
5-14 
5-13 
5-15 
7-22 
7—26 
7-25 
7-27 
7-28 
7-28 
7-25 
7-25 
7-25 
7-26 
7-26 
7-26 
9-23 
9-17 
9-17 
5-1-2  
5-2-2  
5-3-2  
5-7  
5-7  
5-7  
5-20 
5-20 
5-20 
5-22 
5-21 
5-22 
7-27 
7-29 
7-28 
7-30 
8-2  
8-1  
7-28 
7-30 
7-28 
7-30 
7-31 
7-31 
9-29 
9-24 
9-29 
5-1-3  
5-2-3  
5-3-3  
5-27 
5-27 
5-27 
6— 3  
6-3  
6—4 
6  —4 
6-5  
6-5  
3-4  
8-5  
8-5  
8-6  
8-8  
8—6 
8-9  
8-11 
8-9  
8-13 
8-16 
8-16 
10-12 
10-12 
10-12 
6—1 — 1  
6-2-1  
6-3-1  
4-23 
4-23 
4-23 
5-8  
5-5  
5-8  
5-10 
5-7  
5-11 
7-18 
7-17 
7-17 
7-20 
7-19 
7-20 
7-21 
7-20 
7-22 
7-25 
7-24 
7-26 
9-21 
9-18 
9-21 
6-1-2  
6-2-2  
6-3-2  
5-7  
5-7  
5-7  
5-19 
5-20 
5-20 
5-20 
5-2  3  
5-22 
7-25 
7-25 
7-2  5  
7-25 
7-27 
7-27 
7-27 
7-27 
7-27 
7-28 
7-30 
7-29 
9-23 
9-27 
9-27 
6—1-3 
6-2-3  
6—3—3 
5-27 
5-27 
5-27 
6-3  
6-3  
6-3  
6—4 
6—4 
6—4 
7-30 
8-1  
7-31 
8-3  
8-3  
8-2  
8-4  
8-5  
8-3  
8-7  
8-7  
8-6  
10-12 
10-7 
10-12 
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Table A2.7. 1970 Beaconsfield phenological dates 
V-B-P P .  D.  50% E 75* E 50% T 75% T 50% S 75% S BLM 
1-1-1  
1-2-1  
1-3-1  
U-25 
4-25 
a-25 
5-2  
5-2  
5-  1  
5-3  
5-3  
5-2  
6-25 
6-26 
6-25 
6-27 
6-28 
6-26 
6-26 
6-  26 
6-25 
1-1-2  
1-2-2  
1-3-2  
5-8  
5-8  
5-8  
5-15 
5-16 
5-15 
5-16 
5-17 
5-16 
7-1  
7-2  
7-2  
7-3  
7-4  
7-6  
7-1  
7-2  
7-2  
7-2  
7-4  
7-4  
8-19 
8-1  9  
8-19 
1-1-3  
1-2-3  
1  — 3-3  
5-25 
5-25 
5-25 
5-30 
5-30 
5-30 
5-30 
5-30 
5-31 
7-18 
7-18 
7-17 
7-23 
7-24 
7-20 
7-18 
7-20 
7-18 
7-22 
7-23 
7-21 
9-5  
9-5  
9-6  
2-1-1  
2-2-1  
2-3-  1  
4-25 
4-25 
4-25 
5-2  
5-2  
5-2  
5-2  
5-3  
5-3  
6-28 
6-28 
6-28 
6-29 
6-29 
6-29 
6-28 
6-28 
6-29 
7-2  
7-2  
7-1  
8-15 
8-18 
8-19 
2-1-2  
2-2-2  
2-3-2  
5-8  
5-8  
5-8  
5-14 
5-14 
5-15 
5-15 
5-16 
5-16 
7-3  
7-3  
7-4  
7-5  
7-6  
7-6  
7-8  
7-6  
7-6  
7-12 
7-11 
7-11 
8-30 
8-3  0  
8-30 
2-1-3  
2-2-3  
2-3-3  
5-25 
5-25 
5-25 
5-30 
5-30 
5-30 
5-31 
5-30 
5-31 
7-22 
7-23 
7-22 
7-2  5  
7-26 
7-25 
7-22 
7-23 
7-22 
7-26 
7-26 
7-25 
9-7  
9-7  
9-7  
3-1-1  
3-2-1  
3-3-1  
4-25 
4-25 
4-25 
5-2  
5-2  
5-2  
5-3  
5-3  
5-3  
7-2  
7-4  
7-4  
7-3  
7-8  
7-7  
7-2  
7-3  
7-3  
7-5  
7-6  
7-6  
9-1  
8-2  8  
8-29 
3-1-2  
3-2-2  
3-3-2  
5-8  
5-8  
5-8  
5-14 
5-15 
5-14 
5-15 
5-16 
5-15 
7-10 
7-10 
7-10 
7-14 
7-13 
7-13 
7-12 
7-12 
7-12 
7-14 
7-15 
7-13 
9-9  
9-6  
9-6  
3-1-3  
3-2-3  
3-3-3  
5-25 
5-25 
5-25 
5-30 
5-31 
5-30 
5-30 
6-1  
5-31 
7-26 
7-26 
7-26 
7-29 
7-28 
7-28 
7-26 
7-25 
7-25 
7-29 
7-28 
7-28 
9-24 
9-2  3  
9-22 
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Table A2.7. continued 
V-R-P P.D.  50% E 75% E 50% T 75% T 50% S 75% S BLM 
4  — 1  — 1  4-25 5-3  5-4  7-8  7-10 7-7  7-10 9-4  
4-2-1  4-25 5-3  5-4  7-7  7-11 7-6  7-9  9-4  
4-3-  1  4-25 5-4  5-5  7-7  7-9  7-6  7-8  9-4  
4—1—2 5-8  5-17 5-18 7-17 7-22 7-18 7-22 9-20 
4-2-2  5-8  5-16 5-17 7-17 7-22 7-17 7-22 9-20 
4-3-2  5-8  5-16 5-17 7-18 7-22 7-16 7-22 9-20 
4—1 — 3  
4-2-3  
4-3-3  
5-25 
5-25 
5-25 
5-30 
5-31 
5-30 
5-31 
5-31 
5-31 
7-29 
7-29 
7-29 
7-31 
7-31 
7-31 
7-29 
7-29 
7-29 
7-31 
7-31 
7-31 
10-1 
9-30 
9-28 
5-1-1  
5-2-1  
5-3-1  
4-25 
4-25 
4-25 
5-4  
5-4  
5-3  
5-6  
5-5  
5-5  
7-20 
7-20 
7-19 
7-23 
7-23 
7-22 
7-21 
7-20 
7-21 
7-24 
7-24 
7-23 
9-2  3  
9-2  3  
9-22 
5-1-2  
5-2-2  
5-3-2  
5-8  
5-8  
5-8  
5-18 
5-16 
5-17 
5-18 
5-17 
5-18 
7-29 
7-30 
7-2  9  
7-31 
8-1  
7-31 
7-29 
7-30 
7-29 
7-31 
8-1  
8-1  
9-28 
9-2  8  
9-2  8  
5-1-3  
5-2-3  
5-3-3  
5-25 
5-25 
5-25 
5-31 
5-31 
5-31 
5-31 
6-1  
6-1  
8-6  
8-5  
8-3  
8-10 
8-8  
8-5  
8-6  
8-6  
8-4  
8-8  
8-8  
8  — 6  
10-4  
10-4 
10-4 
6-1-1  
6—2—1 
6-3-1  
4-25 
4-25 
4-25 
5-3  
5-3  
5-4  
5-4  
5-4  
5-4  
7-19 
7-19 
7-18 
7-2  3  
7-22 
7-2  3  
7-21 
7-21 
7-19 
7-24 
7-23 
7-23 
9-22 
9-2  3  
9-23 
6—1 — 2  
6-2-2  
6-3-2  
5-8  
5-8  
5-8  
5-16 
5-17 
5-16 
5-17 
5-18 
5-17 
7-26 
7-26 
7-26 
7-28 
7-28 
7-2  9  
7-26 
7-26 
7-26 
7-29 
7-29 
7-29 
9-28 
9-2  8  
9-28 
6-1-3  
6-2-3  
6-3-3  
5-25 
5-25 
5-25 
5-30 
5-30 
5-30 
5-31 
6-1  
5-31 
8-4  
8-2  
8-5  
8-8  
8-6  
8-9  
8-5  
8-3  
8-5  
8-7  
8-5  
8-8  
10-3 
10-3 
10-3 
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Table A2.8. 1970 Garnavillo phenological dates 
V-B-P P.  D.  50% E 75% E 50% T 75% T 50% S 75% S BLH 
1-1-1  
1-2-1  
1-3-1  
U-28 
4-28 
4-28 
5-11 
5-11 
5-11 
5-12 
5-12 
5-12 
7-6  
7-6  
7-5  
7-8  
7-9  
7-8  
7-8  
7-8  
7-8  
7-10 
7-10 
7-10 
9-U 
8-28 
8-31 
1-1-2  
1-2-2  
1-3-2  
5-17 
5-17 
5-17 
5-23 
5-23 
5-23 
5-23 
5-23 
5-23 
7-13 
7-1  U 
7-1U 
7-14 
7-15 
7-15 
7-13 
7-14 
7-14 
7-  15 
7-15 
7-16 
9-1  
9-4  
9-6  
1  — 1  — 3  
1-2-3  
1-3-3  
5-29 
5-29 
5-29 
6—6 
6— 6  
6  — 6  
6—6 
6— 6  
6-6  
7-22 
7-22 
7-22 
7-23 
7-23 
7-23 
7-24 
7-25 
7-2U 
7-27 
7-27 
7-27 
9-17 
9-17 
9-18 
2— 1  — 1  
2-2-1  
2-3-1  
U-28 
U-28 
U-28 
5-11 
5-11 
5-11 
5-12 
5-12 
5-11 
7-9  
7-10 
7-8  
7-11 
7-1  1  
7-11 
7-11 
7-12 
7-11 
7-12 
7-13 
7-  12 
9-15 
9-16 
9-17 
2-1-2  
2-2-2  
2-3-2  
5-17 
5-17 
5-17 
5-23 
5-23 
5-23 
5-23 
5-23 
5-23 
7-15 
7-15 
7-15 
7-16 
7-16 
7-16 
7-16 
7-16 
7-16 
7-18 
7-17 
7-18 
9-20 
9-21 
9-16 
2-1-3  
2—2—3 
2-3-3  
5-29 
5-29 
5-29 
6-5  
6— 6  
6—6 
6—6 
6—7 
6—8 
7-23 
7-2  U 
7-24 
7-28 
7-27 
7-27 
7-27 
7-27 
7-28 
7-28 
7-28 
7-29 
9-28 
9-28 
9-28 
3-1-1  
3-2-1  
3-3  — 1  
U-28 
U-28 
U-28 
5-11 
5-11 
5-11 
5-12 
5-12 
5-12 
7-14 
7-14 
7-14 
7-15 
7-15 
7-14 
7-15 
7-15 
7-15 
7-16 
7-16 
7-16 
9-20 
9-18 
9-22 
3-1  — 2  
3-2-2  
3—3—2 
5-17 
5-17 
5-17 
5-23 
5-23 
5-23 
5-23 
5-23 
5-23 
7-20 
7-20 
7-20 
7-22 
7-21 
7-21 
7-21 
7-21 
7-21 
7-22 
7-22 
7-22 
9-24 
9-29 
9-24 
3-1-3  
3-2-3  
3-3-3  
5-29 
5-29 
5-29 
6— 6  
6-  5  
6—6 
6— 8  
6-6  
6-7  
7-29 
7-29 
7-29 
7-30 
7-31 
7-31 
7-31 
7-30 
7-30 
8-2  
8-1  
7-31 
10-5 
10-6 
10-1 
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Table A2.8. continued 
V-R-P P .  D.  50% E 75% E 50% T 75% T 50% S 75% S BLM 
4—1 — 1  
4-2-1  
4-3-1  
4-28 
4-28 
4-28 
5-12 
5-11 
5-12 
5-12 
5-12 
5-12 
7-17 
7-17 
7-19 
7-20 
7-18 
7-21 
7-18 
7-18 
7-2  0  
7-21 
7-19 
7-21 
9-28 
9-26 
9-25 
4-1-2  
4-2-2  
4-3  
— 2  
5-17 
5-17 
5-17 
5-23 
5-23 
5-23 
6-24 
5-24 
5-24 
7-25 
7-25 
7-26 
7-27 
7-27 
7-25 
7-26 
7-25 
7-25 
7-27 
7-27 
7-26 
9-29 
9-2  9  
9-29 
4-1-3  
4— 1  —3 
4-2-3  
4-3-3  
5-29 
5-29 
5-29 
5-29 
6— 6  
6—6 
6-7  
6 — 6  
6-8  
6-8  
6-9  
6-7  
8-1  
8-1  
8-1  
8-1  
8-2  
8-2  
8-3  
8-2  
8-2  
8-2  
8-2  
8-3  
8-3  
8-4  
8-4  
5-1-1  
5-2-1  
5-3-1  
4-28 
4-28 
4-28 
5-12 
5-12 
5-12 
5-15 
5-15 
5-16 
7-28 
7-28 
7-29 
7-30 
7-31 
7-30 
7-28 
7-29 
7-30 
7-30 
7-31 
7-31 
10-2 
10-2 
10-2 
5-1-2  
5-2-2  
5-3-2  
5-17 
5-17 
5-17 
5-23 
5-23 
5-23 
5-24 
5-24 
5-24 
8-1  
8-1  
8-1  
8-3  
8-2  
8-2  
8-2  
8-1  
8-2  
8-3  
8-3  
8-3  
10-6 
5-1-3  
5-2-3  
5-3-3  
5-29 
5-29 
5-29 
6-7  
6— 6  
6-7  
6-11 
6-9  
6-11 
8-14 
8-15 
8-15 
8-15 
8-17 
8-17 
8-15 
8-15 
8-15 
8-16 
8-16 
8-16 
6-1-1  
6-2-1  
6-3-1  
4-28 
4-28 
4-28 
6-12 
5-11 
5-11 
5-13 
5-12 
5-12 
7-22 
7-22 
7-22 
7-24 
7-24 
7-23 
7-27 
7-28 
7-27 
7-29 
7-29 
7-28 
10-5 
10-5 
10-5 
5-1-2  
6—2 — 2  
6-3-2  
5-17 
5-17 
5-17 
5-23 
5-23 
5-23 
5-23 
5-24 
5-24 
7-29 
7-29 
7-29 
7-30 
7-31 
7-31 
8-1  
7-31 
7-31 
8-2  
8-1  
8-2  
6  — 1  —3 
6—2—3 
6-3-3  
5-29 
5-29 
5-29 
6— 6  
6— 6  
6-6  
6-7  
6-8  
6—6 
8-6  
8-6  
8-7  
8-8  
8-9  
8-10 
8-9  
8-9  
8-10 
8-11 
8-13 
8-15 
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Table 42.9. 1970 Sutherland phenological dates 
V-B-P P.D.  50XE 75%E 50%T 75%T 50%S 75%S BLH 
1-1-1  
1-2-1  
1-3-1  
U-25 
4-25 
4-25 
5-8  
5-9  
5-9  
5-9  
5-9  
5-9  
7-5  
7-6  
7-5  
7-7  
7-8  
7-9  
7-3  
7-4  
7-3  
7-6  
7-8  
7-6  
8-28 
8-24 
8-24 
1-1-2  
1-2-2  
1-3-2  
5-15 
5-15 
5-16 
5-21 
5-22 
5-22 
5-22 
5-23 
5-23 
7-11 
7-12 
7-12 
7-12 
7-14 
7-14 
7-12 
7-12 
7-12 
7-13 
7-14 
7-15 
9-6  
9-3  
9-3  
1-1-3  
1-2-3  
1-3-3  
5-26 
5-26 
5-26 
5-31 
5-31 
5-31 
6  — 1  
6-1  
6  — 1  
7-19 
7-  1 8  
7-18 
7-22 
7-19 
7-20 
7-20 
7-19 
7-19 
7-23 
7-22 
7-23 
9-9  
9-9  
9-9  
2-1-1  
2-2-1  
2-3-1  
4-25 
4-25 
4-25 
5-9  
5-9  
5-9  
5-9  
5-9  
5-9  
7-6  
7-8  
7-8  
7-9  
7-10 
7-10 
7-8  
7-10 
7-10 
7-11 
7-12 
7-13 
8-31 
9-3  
9-3  
2-1-2  
2-2-2  
2-3-2  
5-16 
5-16 
5-16 
5-21 
5-22 
5-21 
5-22 
5-25 
5-23 
7-13 
7-14 
7-14 
7-15 
7-16 
7-18 
7-14 
7-15 
7-16 
7-18 
7-18 
7-21 
9-10 
9-6  
9-6  
2-1-3  
2-2-3  
2-3-3  
5-26 
5-26 
5-26 
5-31 
5-31 
5-31 
6-1  
6— 1  
6  — 1  
7-19 
7-18 
7-20 
7-22 
7-21 
7-23 
7-23 
7-22 
7-24 
7-25 
7-25 
7-27 
9-1  4 
9-14 
9-18 
3-1-1  
3-2-1  
3-3-1  
4-25 
4-25 
4-25 
5-8  
5-9  
5-9  
5-9  
5-9  
5-9  
7-12 
7-13 
7-13 
7-16 
7-15 
7-15 
7-13 
7-14 
7-14 
7-16 
7-16 
7-16 
9-1  1  
9-10 
9-9  
3-1-2  
3-2-2  
3-3-2  
5-16 
5-16 
5-16 
5-21 
5-22 
5-21 
5-22 
5-24 
5-23 
7-19 
7-19 
7-19 
7-22 
7-22 
7-23 
7-  19 
7-19 
7-22 
7-22 
7-22 
7-24 
9-21 
9-24 
9-20 
3-1-3  
3-2-3  
3-3-3  
5-26 
5-26 
5-26 
5-31 
5-31 
5-31 
6-1  
6—1 
6-1  
7-27 
7-26 
7-27 
7-29 
7-27 
7-29 
7-28 
7-27 
7-28 
7-29 
7-28 
7-29 
10-5 
10-5 
9-27 
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Table A2.9. continued 
V-B-P P.D.  5035E 7  5%E 50XT 75%T 50 XS 75%S BLM 
4-1-1  
4-2-1  
4— 3— 1  
4-25 
4-25 
4-25 
5-9  
5-9  
5-9  
5-9  
5-10 
5-9  
7-14 
7-17 
7-15 
7-16 
7-18 
7-17 
7-16 
7-  17 
7-16 
7-17 
7-20 
7-18 
9-22 
9-25 
9-25 
4-1-2  
4-2-2  
4-3-2  
5-16 
5-1C 
5-16 
5-22 
5-23 
5-22 
5-23 
5-24 
5-23 
7-21 
7-23 
7-23 
7-23 
7-25 
7-25 
7-23 
7-24 
7-24 
7-24 
7-24 
7-25 
9-22 
9-27 
9-22 
4-1-3  
4-2-3  
4-3-3  
5-26 
5-26 
5-26 
5-31 
5-31 
5-31 
6-1  
6-2  
6-2  
7-29 
7-29 
7-30 
7-31 
7-30 
8-1  
7-31 
7-30 
7-31 
8-2  
7-31 
8-3  
10-1 
9-27 
5-1-1  
5-2-1  
5-3-1  
4-25 
4-25 
4-25 
5-9  
5-9  
5-9  
5-9  
5-11 
5-10 
7-26 
7-28 
7-2  7  
7-28 
8-2  
7-29 
7-28 
7-31 
7-28 
7-29 
8-3  
7-31 
9-29 
10-11 
10-2 
5-1-2  
5-2-2  
5-3-2  
5-16 
5-16 
5-16 
5-22 
5-23 
5-23 
5-24 
5-25 
5-25 
7-31 
8-2  
8-5  
8-3  
8-5  
8-8  
8-2  
8-5  
8-7  
8-4  
8-10 
8-9  
5-1-3  
5-2-3  
5-3-3  
5-26 
5-26 
5-26 
6-1  
6-1  
6-1  
6—3 
6-2  
6-3  
8-9  
8-7  
8-12 
8-11 
8-9  
8-17 
8-12 
8-11 
8-16 
8-14 
8-13 
8-22 
6—1 — 1  
5-2-1  
6— 3— 1  
4-25 
4-25 
4-25 
5-9  
5-9  
5-9  
5-10 
5-10 
5-9  
7-24 
7-24 
7-23 
7-26 
7-26 
7-24 
7-27 
7-28 
7-27 
7-28 
7-30 
7-29 
6-1-2  
6—2—2 
6-  3-2  
5-16 
5-16 
5-16 
5-22 
5-22 
5-22 
5-23 
5-23 
5-23 
7-28 
7-28 
7-29 
7-30 
7-30 
7-31 
8-1  
7-31 
8-1  
8-3  
8-2  
8-2  
6-1-3  
6-2-3  
6-3— 3  
5-26 
5-26 
5-26 
5-31 
6  — 1  
6-1  
6-1  
6—2 
6-2  
8-6  
8-4  
8— 6  
8-7  
8-5  
8-7  
8-12 
8-7  
8-12 
8-13 
8-10 
8-14 
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Table A2.10. 1970 Washington phenological dates 
V-R-P P.D. 50% E 75% E 50% T 75% T 50% S 75% S BLM 
1-1-1 4-27 5-6 5-6 6-26 6 —27 6-28 6-30 8-16 
1-2-1 4-27 5-6 5-8 6-26 6-28 6-28 6-29 8-16 
1-3-1 4-27 5-6 5-8 6-26 6-28 6-28 6-30 8-15 
1-1-2 5-18 5-23 5-24 7-8 7-10 7-10 7-13 9-2 
1-2-2 5-18 5-23 5-26 7-6 7-8 7-9 7-13 8-2 8 
1-3-2 5-18 5-23 5-25 7-8 7-10 7-10 7-13 8-28 
1-1-3 5-28 6— 1 6— 2 7-16 7-18 7-18 7-21 9-1 
1-2-3 5-28 6-1 6—2 7-16 7-18 7-18 7-20 9-1 
1-3-3 5-28 6— 1 6-2 7-17 7-18 7-18 7-21 9-1 
2-1-1 4-27 5-6 5-6 6-27 6-29 6-29 7-1 8-21 
2-2-1 4-27 5-6 5-6 6-28 6-29 6-29 6-30 8-24 
2-3-1 4-27 5-6 5-8 6-29 7-1 6-30 7-3 8-25 
2-1-2 5-18 5-23 5-24 7-10 7-12 7-13 7-15 9-1 
2-2-2 5-18 5-23 5-24 7-10 7-11 7-12 7-14 9-1 
2-3-2 5- 18 5-23 5-26 7-11 7-13 7-14 7-16 9-1 
2-1-3 5-28 j~ 1 6-2 7-17 7-19 7-21 7-23 9-5 
2-2-3 5-28 6-1 6—2 7-17 7-18 7-20 7-21 9-5 
2-3-3 5-28 6— 1 6-2 7-18 7-19 7-22 7-23 9-7 
3-1-1 4-27 5-6 5-8 7-2 7-3 7-4 7-6 8-30 
3-2-1 4-27 5-7 5-8 7-2 7-4 7-4 7-7 8-30 
3-3-1 4-27 5— 6 5-6 7-2 7-3 7-4 7-7 8-26 
3-1-2 5-18 5-22 5-24 7-15 7-16 7-16 7-17 9-1 1 
3-2-2 5-18 5-23 5-24 7-14 7-16 7-16 7-17 9-7 
3-3-2 5-18 5-23 5-26 7-15 7-16 7-17 7-18 9-7 
3-1-3 5-2? 6-1 6— 2 7-24 7-25 7-26 7-28 9-12 
3-2-3 5-28 6- 1 6-2 7-24 7-25 7-26 7-27 9-18 
3-3-3 5-28 6-1 6-3 7-25 7-27 7-27 7-28 9-18 
Table A2.10. continued 
V-R-P P.  D.  50% E 75% E 5055 T 7555 T 5055 S  75% S BLH 
4-1-1  
4-2-1  
4-3-1  
4-27 
4-27 
4-27 
5-7  
5-7  
5-6  
5-7  
5-7  
5-7  
7-6  
7-6  
7-7  
7-8  
7-7  
7-8  
7-7  
7-7  
7-7  
7-9  
7-9  
7-8  
9-4  
8-30 
9-2  
4-1-2  
4-2— 2 
4-3-2  
5-18 
5-18 
5-18 
5-22 
5-23 
5-24 
5-24 
5-25 
5-26 
7-17 
7-17 
7-17 
7-18 
7-18 
7-19 
7-17 
7-17 
7-18 
7-18 
7-19 
7-20 
9-8  
9-8  
9-8  
4—1-3 
4-2-3  
4—3 -3  
5-28 
5-28 
5-28 
6-2  
5-2  
6-2  
6-3  
6-4  
6—4 
7-28 
7-27 
7-27 
7-29 
7-29 
7-28 
7-29 
7-28 
7-28 
7-30 
7-30 
7-30 
9-17 
9-17 
9-17 
5-1-1  
5-2-1  
5-3-1  
4-27 
4-27 
4-27 
5-7  
5-7  
5-7  
5-8  
5-8  
5-8  
7-17 
7-14 
7-16 
7-19 
7-17 
7-18 
7-18 
7-17 
7-18 
7-  19 
7-18 
7-  19 
9-14 
9-14 
9-14 
5-1-2  
5-2-2  
5-3-2  
5-18 
5-18 
5-18 
5-24 
5-24 
5-24 
5-25 
5-25 
5-26 
7-25 
7-27 
7-27 
7-28 
7-28 
7-29 
7-27 
7-28 
7-28 
7-28 
7-29 
7-29 
9-22 
9-25 
9-24 
5-1-3  
5-2-3  
5-3-3  
5-28 
5-28 
5-28 
6-3  
6-3  
6-3  
6-5  
6-6  
6-5  
8-5  
8-5  
8-5  
8-7  
8-7  
8-7  
8-7  
8—6 
8-7  
8-8  
8-8  
8-8  
10-7 
10-2 
10-7 
6-1-1  
6-2-  1  
6  — 3  -1  
4-27 
4-27 
4-27 
5-7  
5-6  
5-7  
5-8  
5-8  
5-8  
7-14 
7-13 
7-13 
7-15 
7-14 
7-15 
7-17 
7-15 
7-17 
7-  18 
7-17 
7-18 
9-1  1  
9-18 
9-1  8  
6  — 1  -2  
6-2-2  
6  -3-2  
5-18 
5-18 
5-18 
5-23 
5-23 
5-24 
5-26 
5-25 
5-26 
7-20 
7-21 
7-22 
7-23 
7-23 
7-24 
7-26 
7-27 
7-27 
7-27 
7-28 
7-29 
9-19 
9-18 
9-1  9  
6-1-3  
6-2-3  
6-3-3  
5-28 
5-28 
5-28 
6-2  
6-2  
6-2  
6—3 
6-3  
6-3  
7-31 
7-31 
7-31 
8-1  
8-2  
8-1  
8-3  
8-4  
8-3  
8-6  
8-6  
8-5  
9-2  8  
9-28 
9-28 
